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ABSTRACT

The theory and numerical methods are presented for determining the paths
and wave heights of gravity water wave packets. Both variable water depths
and currents are considered. The wave height is computed accounting for the
effects of shoaling, refraction, and energy dissipation. A ray curvature
expression is used to determine the wave packet trajectories where the speed
of the packet is given by G = (dw/dk) cos 9. The symbol w denotes the angular
frequency, k is the wave number, and ¢ is the difference between the direction
of the wave packet and the direction of the wavelets within the packet. The
wavelet direction is determined at each point of the wave packet trajectory.
The wave packet and ray directions differ when there are currents. The cal-
culations for variations in water depth are greatly simplified by choosing
a coordinate system at each ray point in which one axis is aligned parallel
with the direction of the gradient of the water depth. In a similar fashion,
the calculations involving variations in current are simplified by choosing a
coordinate system at each ray point in which an axis is taken parallel with the
direction of the zradient of the current magnitude. Example printouts and plots
are presented to illustrate the wave prediction method.
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CHAPTER I

It has been shown by Breeding (1978, 1981) that a wave packet refracts
according to Snell's law with the geometric group velocity G where

G = (dw/ak) wa ¢ (1-1)

The symbol w denotes the angular frequency and kK is the wave number. The

angle ¢ is the difference between the direction of the wave packet and

the direction of the wavelets within the packet. The wavelet direction at
each point of the wave packet trajectory is determined by Snell's law with
phase velocity.

In this work a numerical method is presented for determining the rays
of gravity water wave packets. Further, a procedure is developed for com-
puting the wave heights along the paths accounting Ior the efiects of
shoaling, refraction, and energy dissipation. Both a variable water depth
and current are considered.

There are a number of papers in which numerical methods are presented
for calculating and plotting the trajectories of monochromatic rays.
Skovgaard, et al (1975) summarize a number of these methods and present one
of their own. The numerical methods for calculating and plotting rays which
are presented in this work are based on the Wilson (1966) program. However,
extensive modifications of the Wilson program were required in order to
compute the path of a wave packet. Wilson did not consider wave heights.

In Chapter II equations defining the trajectories of wave packets in
a current are presented. An expression is derived for the ray curvature
of a wave packet. The Doppler shift in the frequency of the waves due to
a current is considered. Properties of the packet ray curvature are dis-
cussed for the particular case of parallel water depth contours and no
currents. The methods used in computing the wavelet direction are described.
The numerical procedure for locating each ray point is discussed. Rules
for dealing with reflection points due to water depth variatioms, which
occur when the ray curvature becomes infinite, are established. The con-
dition for the total reflection of waves due to a current is presented.

The shoaling, refraction, and friction coefficients used to compute
the wave heights are described. The ray separation equation is discussed.
An analytical solution to the equation is presented for the case of parallel
wave speed contours. In the program a numerical method is used to solve the
ray separation equation. This method is discussed, and the procedure for
dealing with reflection points is described. The method for locating
caustics and focal points is explained. Near a caustic an approximate
solution of the ray separation equation is used in the calculations. This
solution is presented. There is a discussion of the wave breaking criterionm.

The variations due to water aepth and currents are considered separately.
The partial derivatives of the wave speeds are related to the corresponding
water depth derivatives. The calculations are greatly simplified by making
them in a X'y'-coordinate system which is chosen so that at each ray point




o

the positive x'-axis is in the direction of the gradient of the water depth.
As a result, the first partial derivatives of the water depth and wave speeds
with respect to v'-vanish. Further, there is a simplification in the second
partial derivatives involving v'. In a similar manner. a x''v'-coordinate
svstem is used to determine the partial derivatives of the wave speeds

and co relate them to the variations in a current. The positive x'-axis

is taken in the direction of the gradient of the current speed. This results
in a simplification of all the derivatives involving v'". The chapter con-
cludes wich a summarv of the basic equations.

Chapter III contains details of the cocmputer program and a program
listing. The program listing contains many comments to explain the operation
of the program.

Chapter IV contains details on how to prepare the water depth and current
grids. The way to prepare a computer run is explained, and the printed
output is described. Both the printout and plots are illustrated. Included
are the results for sample data which are provided so that a user can test
the program.

The principal notation used in the report is presented following the
references.

PRI RPN AP OGN NP S U R P RN WA L N SR e ST WP Ny S 1 PR RPN, S N
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CHAPTER TII THEORY
2.1 Trajectories of Gravity Water Wave Packets. In this section a method
is presented for determining the surface trajectories of gravity water wave
packets considering both a variable water depth and a variable current.
a. Ray paths
Arthur (1950) considered the trajectories of monochromatic waves in a
current. His method is easily extended to determine the trajectories of wave
packets in a current. The ray paths are defined by
&_X=LL‘+GM..G
at (2-1)
Loz vyt G (2-2)
957 where X,y are the Cartesian coordinates, t is time, and £ is the direction of

the wave packet with respect to the positive x-axis. The x~- and y-components
of the horizontal component of the current velocity are denoted by u_ and u
where u is the current speed. The geometric group speed of the wavexpackety
relative to the current is G. The ray direction ¢ is defined by

(2-3)
Uy + G w8
b. Ray curvature for wave packets
The ray curvature < of a ray moving with phase speed v over a variable

bottom topography was derived by Munk and Arthur (1952) and Arthur, et al
(1952) as

p\ &\[ (Am\»\f DU‘ - M\f 3\!’ (2=4)
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: where Y is the direction of the monochromatic wave with respect to the positive

3 X-axis and s_ is the arc length along the ray.

1 The ray durvature <. for the trajectory of a wave packet for a variable EES
a’ bottom topographv is given bv

49 aN 96 96
K o= =2 (A — - WoA0 —
G JAy, G Q oX Ao (2-5)

where ds . is an element of arc length along the ray.
The ray curvature expressions are readily extended to include variable -
currents. For monochromatic rays (Arthur, 1950)

Ko e |3~V + 58 - wt(B %)] "

>

A
\k_&: e&. W (2-7)

A . . q . P
where e, is a unit vector in the direction of v, is the component of the <@
current in the direction of Y, and v is the phase sSpeed relative to the current.

For wave packets

‘ ' 36 . w ik 9&&.)

KG= o [AMA,B % T ) ~ wa-0 Er + Y n
A -»>

U = St U (2-9)

where & 1is a unit vector in the direction of # and u is the component
of the Current in the direction of 9.
The geometric group speed is defined (Breeding, 1978)

G =V w»cb (2-10)
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(2-12)
[~
-
"y and U is the conventional (collinear) group speed. The angular frequency
- w = 2mf, £ = 1/T is the frequency, and T is the wave period. These quantities
E' are all defined relative to the current where
e
- il
3 W= Wy - B'NERTE (2-13)
o

and .. is the angular frequency in a fixed coordinate svstem relative to the
water bottom. The wave number k = 27/% and *» is the wavelength.
The first partial derivatives of G are determined using Equation (2-10).

26 _ 2u S Uamd X _
e g - VA SE (2-14)
6 _ - Uamd 20

a\t" a"k %'¢ ¢ a% (2—15)
Through the use of Equation (2-8) the spatial derivatives of © are taken
to be

96 _ Jam 8 (26 U,

axX " G+uM(ax * X > Gl

90 = -wte (a6 auﬂ>
0“2: G+ um \ 3% —r 3% (2=17)

2

o ,.' “.’ ’;n"I‘.:

-
o o« ' - . . p .
T RIS L PR SN Bl WP S S SN SRR LR T S S o W LR e ) T T R R L Wt N T P R SN X W S R v ) admiacd




P T T,
’ o pel el T RS
. 5 T

4 4 1oas, Harle,

.

4
4y

R
b

oA, PR G v 7.
. & 4 ¢
EPD / . ey 4

. A LI}
. . - . e a«_

»

., b ' ., @ Y K
PV T I WAy s Sy U L R P iy S S W I NP PO DL I WP B UL IP N B RS S S e S e “—M-ﬁ_&—&_&_ﬁ.—l—;‘.—-&:—‘—l‘

T S W T e e T . e S o -.--r

In like manner, from Equation (2-6) it is found that

A _ _FemY ﬂ+.9_‘*$
9 Tt Uy X IX

N _ = kY 31_r+&)

oy Trug 0% 0% S
When Equations (2-16) and (2-18) are substituted into Equation (2-14) and
the terms are rearganged, it is found that
96 U A Jan® \=! ( 0y . YNNI 9 Ug
L _ (14 U AN
% = 6+u~.\) {axm‘ﬁumﬂww x ax)
w8 9w (2-20)
G +um X

The substitution of Equations (2-17) and (2-19) into Equation (2-15) leads to

e Ol e

- AL (3 3]}

In the event there are no currents Equations (2-20) and (2-21) reduce to

a—UQM'¢ +%M¢M‘(g—}§

06
I - 9 y W= 0 (2-22)
| & tan om0
CAS ~V A
26 - 3% ten ¢ «,M@ ot 9% ned (2-23)
Y | - S § X ® )

In the computations it is convenient to separate out the variations due
to water depth and the variations in frequency due to a variable current. As
a result, if only one of the types of variation is being considered the
equations associated with the other type of variation can be ignored. The
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ray curvature for the wave packet is expressed as

\ . 06 plc) %
= B = - ooAp &L
= HM ax % Sq.

+iA'M\B (%—ﬁ’( + %ﬂ)-me(—% i -aa—‘;mﬂw

where the subscript h denotes terms in which a variation in water depth is
considered, and the subscript w refers to terms in which changes in current
are accounted for. '

Since the wave packet and the ray travel with different velocities,
the incremental distances by which they advance for a given time interval
are different. The wave packet incremental distance must extend to the same
wave speed contour reached by the ray. This is illustrated in Figure (2-1)
where the wave speed contours are assumed to be locallv parallel. From the
figure, it is seen that

oA P
V)

M% (

[IS]
|
8]
wy
S~

dag =

c. Properties of the wave packet ray curvature

The ray curvature of a wave packet has been examined (Breeding, 1981)
for the case of parallel water depth contours and no currents. ILf the water

depth contours are parallel to the y-axis the packet ray curvature becomes
4 + Yo & JamY v
K= U X \ RS (2-26)
© UL 8 + I a8

From this expression it is found that refraction causes a wave packet tra-
jectory to become directed either parallel or perpendicular to the water
depth contours. In either case the packet ray curvature will vanish. For
wave packets propogating toward deep water, if the initial direction exceeds
a critical angle total reflection occurs. At the reflection point the wavelet
direction becomes parallel to the wave speed contours, the wave packet
direction becomes perpendicular to the contours, the geometric group velocity
goes to zero, and the packet ray curvature becomes infinite.
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d. Wavelet direction

Both the wave packet and wavelet directions must be computed in deter-
mining each point of a rav path. When variations occur in both the water
depth and a current the change in the wavelet direction is computed using
the wavelet ray curvature expression. It is found that the change in
wavelet direction is given by

AY :RWPQN\Y - %\%&

+ KMP(MY -%—;Z- + %&> _(-a% + i)a‘i&.D \?‘ii (2-27)

where GR is the rav speed and 1t is the time step interval between rav
points. The variations due to water depth and current are considered
separatelv. In Equation (2-27) the difiference in the incremental distances
which ravs and wavelets advance for a given _t has been taken into account.

The wavelet direction can be calculated using Snell's law with phase
velocitv. This approach has been Zound to be both more accurate and to
requir2 fewer calculations in locating the next rav point than when the rayv
curvature expression is used to compute the wavelet direction. Accordingly,
if variations are to be considered only in the water depth or a current,
but not both, Snell's law is used to compute the wavelet direction.

In order to use Snell's law, the incident wavelet angle is defined with
respect to the normal to the wave speed contours which is extended in the
direction of increasing wave speed. The wave speed contours are assumed
to be locally parallel about the ray point. In the computations a number
of rules are employed where the subscripts n and (n + 1) refer to con-
secutive points of a ray and n is a positive integer. The first step, if
necessary, is to successively add or subtract 360° from the incident wavelet
angle until it is within the range 0 < e 360°. Then when Snell's law is
given by :

X N LT XY
\ = onaaim | =3 Aww\{,.\)

M+ (2-28)

*
o 5 > ° 3 e ;
where -90° < (b1 = 90°, the angle {4+l is defined by the following scheme.
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s J jaar * ] (2-29)
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e. Determining the path

Successive points of a ray are found by iteration using the rav
curvature expression for a wave packet. The wavelet direction is derermined
at each point along the rav. The ccordinates of each rav point are defined by

XUV\+ \ = x\N\

+ AX (2-30)

i

\&ﬂ\ Y Ds%{

(2-31)
where
GRID o
— : At :
Ay = (GANB + LA E)—— w?
% = e (2-33)
and where € is thedirection of the current with respect to the positive
x-axis. Further
A =
e = 1(9,,\ + O,M,\) Bty
Omsy = Omt DO (2-35)
A8 = L1 (KIm + (Xe)msr | D -
= \e/m Glmtr | Um (2-36)
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where D_ is the incremental distance in grid units between the points n
and (n 2 1) of a ray, GRID is the grid unit distance in units consistent
with G, and .t is the time step.

3 f. Reflection points for water depths

y Reflection points due to variations in water depth require special

k. consideration. The waves are assumed to reflect if any of three criteria
are satisfied. The first test for reflection is based on Snell's law
with phase velocity. Reflection occurs if

el

5 T .
L -—L:\r+ A Yl > | (2-38)
oy

Y

The wavelet angle is defined with respect to the normal to the wave speed
contour which is extended in the direction of increasing water depth.
As a reflection point is approached the ray curvature changes so quickly
that calculations of the ray curvature by iteration may cease to converge.
ﬂi* If convergence fails reflection is assumed if the following conditions
are met.

> 7
o, v,

-

Um 1 > |
vh\

(2-39)
| Yo | > fan 80

The first condition requires that the phase speed increases between the last
two ray points, and the second condition requires that the wavelet direction
be consistent with total reflection.

A third criterion is uséd to specify reflection points in order to
maintain accuracy in calculating the ray trajectory. Very near a reflection
point, due to the rapidly changing ray curvature, the estimates of ray
points can become erratic. Therefore, reflection is assumed if the following
conditions are met

Vmsy
v > |
| am ¥l > fam.29.5° (2-40)

| w8 < o 75°
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When a reflection point is determined on the basis of either the second
or third criterion, it is advisable to examine the printout to determine if
the ray particulars are consistent with total reflection. The values of
the packet ray curvature, the wavelet direction, the packet direction, and
the gzeometric group velocity should exhibit the behavior descrited in
Section (2.1), c.

When a reflection occurs there is an option either to halt the rav tra-
jecrorv or to continue it as a reflection. When the rerflection option is
chosen, the reflection angles (defined with respect to the normal to the
water depth contour) are determined by the relations

\{‘-L'—" '-\"L'*' \%Oo
8, = — B +180°

Pro= = P+ 180

The subscript r denotes the reflection angles, and the subscript i signifies

the angles at the last ray point reached prior to where the reflection criterion

is satisfied.

The ray curvature calculations are more likely to converge and the
accuracy of the path is increased if there is a restriction on how much the
ray direction can change between successive ray points. Accordingly, if
is within 10° of a direction for which the ray curvature is infinite, and
is within 75° of being perpendicular to the water depth contour, the time
step between ray points is successively halved, as necessary, until Jast
is less than 1°. 1In the event it is necessary to reduce the time step to le
than 0.5 seconds the ray is stopped.

“y
¢
-

g. Total reflection for currents

Total reflection due to variations in a current is determined on the
basis of Snell's law for the wavelets. Reflection occurs if

(Wt Sadmet A Y| > |
(4w
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(2-41)

(2-42)

(2-43)
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k- where the wavelet angle is defined with respect to the normal to the wave
b speed contour which is extended in the direction of increasing current speed.
< : . :
2.2 Wave Height Calculations. Modification of the wave height due to

refraction, shoaling, and energyv dissipation is considered. The wave height

H increases when adjacent rays converge and it decreases when the rays diverge;
this effect is accounted for by the refraction coefficient K§. The shoaling
coefficient K_. accounts for the change in H due to the variation in the
propagation speed of the wave packet. The loss in energy due to wave motion
at the sea bottom is determined by the friction coefficient KF'

a. Without energy dissipation

The average rate of energy transmission F can be defined

F = EQ.G.,. (2-45)

where G, = G + u_, £ is the energv per unit area, and ¢ is the perpendicular
distance between ravs. >ote that G, is the speed of the advected
= 3] 2 + - Tl baad]
front. The energv is assumed to be conserved alcng the rav. T

rgeniio)

hererore

Fi—*‘ = F% (2-486)

where j.and (j + 1) denote Eonsecutive ray points. It is further assumed
that £ is proportional to H®., Accordingly, it follows from Equations
(2-45) and (2-46) that

H’H\ T QKS)'&'H (KR)QH Hﬁ (2=47)

Rz where (K_) and (K,), , are the shoaling and refraction coefficients,
- - 'S qll R afl . )
s respect1vel§, between points j and (j + 1).

E < | _ (G4); +
<K5>;‘+| = (ES:’:‘ (2-48)
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is the initial wave height, then the wave height at the n-th

= (Ko (KgYar v (Kgm = '%?LE-
GT)m
KP\: <K&\\ (KP\BL' T (K&\ﬂ\ = (‘;%;'\ h
5. Wich energv dissipation

To account for energy losses, tquation (Z-46) can be restated

*
F*¢+\ = (KF)#\ F*‘;

where (K.).
As a resul{, the relationship between the wave heights at consecutive ray
points can be expressed by

xn <K5)f(+l (K‘Qtﬂ (KF)‘kH

In terms of the initial wave height, the wave height at the n-th point is
given by

HN\= KsKRKF Ho

Sy 7 VR SV SRR SR RS TG
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is the friction coefficient between the points j and (j + 1).

«
(2-51)
(2-52)

.“
(2-53)
(2-54)
(2-55)
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where

KF = (KF)I <KF>'}~. et (KF)/V\ = (KF)/W\(KF\)M (2-58)
2.3 Refraction Coefficient. In computing KR it is convenient to
define
f = h (2-57)
20

where 2 is called the rav separation factor. Equation (2-32) for the re-

fraction coefficient becomes

o)
>

KP\: HH (2-38)

a. Ray separation equation

In considering the refraction of monochromatic waves, Munk and Arthur
(1952) have shown that 8 can be determined from a second-order differential
equation called the ray separation equation. The equation can be stated

~
4 B L8
T TEE f§e=0 (2-59)

where t is time. For monochromatic waves with no currents

2 W L oami e 2-60
?“a'(w\{ax*'m\‘az (2-60)
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Tor a wave packet trajectory with currents

p=-afoe(Gr i) 4 pomn.® (5% L%“)]
g (36 Pum o wio (L6 L 3
05 — GT [AW\' 9 X = 8)(") ENPTUS 37\3% m)
+ oL B (9 %-'* 2;::~)]

As in the case of computing the ray curvature (Section (2.1), b), it is

convenient to separate out the variations due to water depth and a current.

»@»:-&Rme%%w&we%—?t} % ime(% + aa“;

N
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NEPTPCS DRVIRPT

Xy 3%

st (ax*+ M) o M'BQN% 9:;;}

9ﬁ5 - w0 a‘s g

(2-62)
(2-63)

\:"-1
(2-64)
(2-65)
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. b. Solution for parallel water depth contours
There is a simple solution to Zquations (2-39), (2-82), and (2-63)

when the water depth contours and current contours are mutuallv parallel.
Then, when the xXy-coordinate system is chosen with the x-axis perpend-
icular to the ccntours, it can be shown that

oA O
(3 = AN Im R
WA 0, (2-66)

where the subscript o denotes the initial value and the subscript n depicts
the value at the n-th ray point. The time derivative of Equation (2-56)
can be expressed

9“3 _-@Me Me(%—G+Q-L)z*> (2-67)

Q

¢. Numerical solutions of the ray separation equation

Several numerical methods can be used to solve the rav separation equation.
An easy to use fourth order finite difference solution to Equation (2-59)
is the Fox method (Salvadori and Baron, 1961). However, this method has the
disadvantage that the time step must be constant between successive ray
points. When p and q do not change much between ray points, the general solu-
tion of a homogeneous second-order differential equation with constant coef-
ficients (Wylie, 1951) can be used to solve the ray separation equation.
This solution has 3 cases depending on the value of (p~ - 4q). The value
of 2 at each new ray point is found using the values of p and q at the last
point. There is usually little difference between the results obtained by
this method and the Fox method.

A numerical method which does not require a constant time step and
which better accounts for the variation of p and q along a ray is the Runge-
Kutta method. This method is stable. It is also self-starting, i.e., values
at the previous point are used to find values at the next point (Romanelli,
1960). For these reasons, the Runge-Kutta method was selected for the solution
of the ray separation equation.

In order to use the Runge-Kutta method, Equation (2-59) is reduced to
a system of first-order equations.

%% = Wy (2-68)

-l SR RS S R P L FOSE ROUUE SR NS S N TR TR | S SN g SR | S S comdhndes din el ot s —l ot R s




2 18

& o
ff’- :—(f\g“‘&-qs(;) (2-69)

Both fourth and fifth order solutions of 2 are obtained. The initial ccn-

ditions are the values of 3 and d5/dt at the first rayv point. The latter is

estimated using Equation (2-67). The solutions require the values of (p_, q_)

at the n-th ray point and the values (p ) at the (n+l)-th ray point.
+1° 9+

Further, the values of (pl, ql) (Pz, 95 9 (P y d (P » 9, ), and (P—, g )

are needed along the ray at points 1ntermed1ate go the ray p01nts fhey are

determined, respectively, at time intervals of (it)/3, (it)/4, 0.45573725

. (At), 2(At)/3, and 0.8 (At) bevond the n-th ray point where At is the time step

5 in the calculations.

A fourth order Runge-Kutta method with a minimum truncation error bound

T{ is given by Ralston (1962). The solution for the ray separation equation
: beccmes
E Busr = Bm + 0.1T4T60R3K, ~ 0.551430066K,
+ 1.2L0983560K, + 0. 1THITTBK, (2-70)
(&) = -&-(5-) +0.174T60R8 L, - 0.551%80bb6L, S
at M+ dt M
- (2-71)
= +1.205535600L, + 0. 1TH8+T8L,
ﬁ where
oy (48 _
l_\:—(ﬁt-) K'@m(&t)”\'i' %ﬂ\. (’M\\ (2-73)
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Ky= (At‘)[(%—&) £0.89637761 L, + 0.1587596%L, |

(2-76)
= - (at) {@sk %)U 0. 163 7761 L, +0.15375%6%L,)
+%3(Bm + 0.29637T6IK, +0.15 875‘%4‘K;}X (=
b
Ky = (88) KE)M 4+ 0.213100%0L, - 3.0509651b L,
+ 3.%3&%5"}‘76\_31 (2-78)

= (At)[’t”mﬂ (@'Ee)m p O.au%(OOLl-OLI -3.050%5!6!.9_

+3.33286476L,) + Fmer (Bn + 0. X1R100HOK, 2799
- 3.05096516K, + 3.332864Tb Kg}

. A disadvantage of the Runge-Kutta method is that there is no simple means
for estimating the truncation error (Milme, 1953). One procedure for control-
ling the error is to compute both fourth and fifth order solutions of 8 and
to adjust the time step so that the two estimates differ by less than an
arbitrary amount.

A fifth order Runge-Kutta method is given by Milne (1953). The fifth
order solutions for 2 and dR/dt are

(5)
(2-80)
et = B 7o (33K, 4 125K, = $1Kg + 125 K,)
™ (5) i
- (48 +1a5L, - 81, +125L ’
K&t‘)h\.-i-l - 34'-3 \“\3. (&'3\‘ 135k, ‘1) (2-81)
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:: where
:ﬂ Kg = (Aﬂ&%)mwu —Lﬂ . :

Le= -(At)‘_*@.(&%%)ﬁ\-% %) +c%,<¢>,,\+ %L)l

(2-83)
bls +4
Ko = (Bt)i(%.@t)n\ v _5{5_“& 28
L. :—(At){‘h(@i%)m Q’L-”**L') + %y ((5M+ Q:Ky”ﬂ(,ﬂ .
K’l =i {.(%%)m p e 'ﬁLs = X 12-86) -
L = =(4t) {tm+. ((%f)m 4 ‘SL::"‘LL&*L:\)
+ S (em b 15K - |3\:K5 ¥ K,)‘\ (2-87)
K, = (At)\.(%%>m 3 %L1-50L58+\ %L5+6Lll ol
Ly = -0 (?*(%%)m , 3ba- SOL(,tb:lOLS + u..)
(2=
5 °5+U5~\ - 50K, ;‘qoxs + 6K, )‘\ ESERD

& 8Lq +10L, + 36l + 6L
Kq = (L\t)&&ig)m i e T o 1 (2-90)
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(2-91)

The difference between the fourth and fifth order solutions of 3 and dB/dt
are

(s)

e[b = Bmsr = B+ Lgtc

(5)
s _&_(5_) _ &_) : (2-93)
ANy It st

In the calculations, with the exception of when near reflection points, both l
:sf: and |€ ! are monitored. If either is greater than or equal to an arbitrary
constant (défermined as an input parameter) the time step is halved, the cor-
responding (n + 1 )-th ray point is found, and the B and dR/dt calculations are
repeated. This process continues, as necessary, until both ¢ ! and IE

are less than the arbitrary constant. If the time step is rediiced to less than

0.5 seconds the ray is stopped.
d. Reflection points

The numerical solutions of the ray separation equation have not proved
satisfactory when leaving a reflection point. This is possibly due to the
rapid changes in p which becomes infinite at the reflection point. However,
as the reflection point is approached the value of 8 approaches a constant.
Therefore, if the reflection option 1is chosen, the value of 3 is held constant
in the calculations if the wavelet direction is within 10° of being parallel
to the water depth contours. After passing the reflection point, Equation
(2-67) is used to estimate dB8/dt for restarting the Runge-Kutta calculations.
If the reflection option is not chosen the calculations of 3 continue up to the
reflection point. As a result, by choosing this option it is possible to
determine the value of 8 at a reflection point.




e. Caustics and focal points

The value of : is monitored along a rav. If the value of 2 becomes less
than 0.0001 (K, greater than 100) it is assumed that a focal point or caustic
nas been located. In this case the rav is stopped.

Near a caustic the rayv separation equation is given approximatelyv bv

-E, + %(5 = 19 (2-94)

In order to improve calculations near a caustic, if variations are considered
in onlv water depth or currents, but not both, Equation (2-94) is used in computing
2. TFor negative values of g the solution to this equation is

e- l%l E (2-95)

ey
1

and

% = -W B (2-96)

If the packet direction is within 5° of being parallel to the wave speed contours
Equation (2-96) is used to evaluate dB/dt.

Very small or large values of K_should be viewed with caution. The values
may be incorrect due to numerical inaccuracies in the calculations. This can be
checked by examining the behavior of adjacent rays on a plot. For large
values the rays should converge closely and for small values of the rays
should widely diverge. It is probably best to view KRvalues less than 0.2 and
greater than 5 in a qualitative sense.
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2.4 Friction Coefficient. Energy dissipation of the waves due to bottom
friction is considered. The friction coefficient is determined using a method
- based on the theory of Putnam and Johnson (1949) and Bretschneider and Reid
\, - iy Sy : - )
(1954). Other energy dissipation methods can be substituted if desired.
In this work the friccion factor c. is defined following Jonsson (1%%6)
L

%
T = -%E-Q$ P&\L'« (

12
1
¥l
~J
~

~

where T is the tangential stress per unit area at the bottom, o, is the
density of the fluid, and u, is the maximum velocity of the fluld at the bottom.
The definition for T given by Putnam and Johnson (1949) does not contain the

factor %. When Equation (2-97) is used the friction coefficient becomes
K L (KFBM\. (2-98)
P P (Kem (BAGImy
ﬂ where (K_.) 1is defined by Equation (2-56), (ds)) is the incremental dis-

/ n+l
tance between the ray points n and (n + 1), and

3
3> e Ho Kg ¥
F =5 )( T )(T = M\> (2-99)

ﬁf 2.5 Wave Breaking Criterion. In the program there is an option to
3 determine if the waves break. When this option is chosen, the waves are
h! assumed to break when the following relation is satisfied.

-‘j\— > l’— Jomd W (2-100) !
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2.6 Spatial Derivatives of G, U, v, and h for Water Depths. In this
section relations are presented for connecting the partial derivatives of
G, U, v, and the water depth h. Only variations in water depth are con-
sidered. A current is assumed to be either constant or not to exist. The
spatial derivatives are determined in a coccrdinate svstem where the firsc
order y-partial derivatives vanish and the second order v-derivatives are
reduced to simplified expressions. As a result, there is a reduction in the
aumber of calculations which would otherwise be required.

a. Determination of h and its partial derivatives

For each ray point the water depth h is interpolated from a quadratic
surface equation which is fitted to the water depths at 12 grid points as
illustrated in Figure (2-2). The use of a quadratic surface makes it
possible to evaluate second derivatives which are required in calculating the
wave height. The surface is approximated by the general quadratic equation
(Dobson, 1967)

A= E FELX FE;y BN d Bony + Byt (2-101)

where the coefficients E are determined by fitting the equation by the
method of least squares to the 12 water depth values. The partial
derivatives of h are readily determined from Equation (2-101).

= = Eg_ $ a.s_u{x ‘\'Es‘&’ (2-102)

N _ ”e
P4

T = (:LE.+ (2-104)
3

PEN - Es (2-105)
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(2-106)

b. Rotation of axes to make computations |

At each point of a wave packet trajectory the calculations are made I
in a x'y'-coordinate system where the x'-axis is taken in the direction of the
gradient of the water depth. The particulars of a trajectory are tabulated
in a xy-coordinate system which retains a fixed orientation with respect
to the water depth grid. The relationships between these coordinate svstems
and a specific ray point for a set of nonparallel water depth contours are
shown in Figure (2-3). Equations relating these coordinate svstems are given
bv

>
"

Awe X+ Y A X (2-107)

— X A X 4y o (2=108)

N
1

9 J
Tom. X = af; af(\ (2-109)

where % is the angle by which the x'-axis is rotated with respect to the
x-axis and h is the water depth. Note that

P = P - (2-110)

@
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(2-111)

(2-112)
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i Figure (2-3). RELATIONSHIPS BETWEEN THE COORDINATE
SYSTEMS AND THE WATER DEPTH CONTOURS
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F The partial derivatives of h in the x'v'-coordinate system with respect
b

to the partial derivatives of h in the xy-coordinate system are given byv

IR . 5
axl —a-{ mm + a* Rare '_-1‘3)

= EEL‘Abn-& +-ii&= LA X = O =
3X a‘t (2-114)
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¢. Derivatives of v
As a convenience in the computations, the spatial derivatives of v

are expressed in terms of the spatial derivatives of h. For linear theory
(Lamb, 1932) the phase speed of a gravity water wave can be defined

T = iw- M%& (2-118)




>~
o
g

.-l‘ i 'T'I_Y"-H-
RN

=y

y D
" AR RN Add
’ . »
% Oty R4S
etet. .
‘. T . or s

g

L)

r
“n

.
e

SE P EREL BRI RS T TR NS PR U AT MR AR TR R N P I DR R R Y T, | VO S

i et s e e i e e i e i el i e i e i b Sl -
O S ol e L ., ~ - . P e e e B T L e -
LN « % n

where g is the acceleration due to gravity. The first partial derivatives
g of v in the x'v'-coordinate system are given bv (Wilson, 1966; Dobson, 1967;
- Breeding, 1972)

W = W _QT (2-119)
v _ w2k -9 (2-120)

where

(2-121)
WE S ¥ (1= 02?)
W
= (2-122)
ks
The second partial derivatives of v are defined by
* .
I\ N I \+
@x'y ~ i &(37(')" = Y*(QX') (2=143)
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d. perivatives of U
For linear wave theory the collinear group speed of a gravity water
wave can be defined
’ (\ I 2 27
S = (1 + ===y (2-127)
U S A T
where
Lwih
0

The first partial derivatives of U in the x'y'-coordinate system are
given by

oU _ PR
Al = %W p 7\@ Y, (2-129)

—a‘\% =N 'U a‘& N \V}, (2-130)
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The second partial derivatives of U are given by

Yu _ydy
x>~ U ex)
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e. Derivatives of G
The first partial derivatives of G were derived in Section (2.1),b as

A - Equations (2-22) and (2-23). In the x'v'-coordinate svstem these derivatives
become

u WA d + -—,W\C}T«\Y!ﬂ

6 _ X X (2-143)
' | + B b Jan 8
[ 36
3 =5 =1 © (2-144)
X oY

The second partial derivatives of G can be expressed by

2
6, = ! __;E)U = IL-&AM\. +G§g)-.)
(X' | 4+ famdTme! [( X') T %’( ' ? X
(2-145)
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2.7 Spatial Derivatives of G, U, v, ., u, and Z for Currents. In

this section relations are presented for connecting the partial derivatives

of G, U, v, ., and a current of magnitude u and direction Z. The water

depth is assumed to be constant. The spatial derivatives are determined in

a coordinate system where the y-derivatives are reduced to simplified expres-
sions. This results in a corresponding reduction in the number of computations.

a. Determination of u, £, and their partial derivatives

For each ray point the current components u_ and u_ are interpolated
from quadratic surface equations which are fitted to théir respective current
component values at 12 grid points as described for water depths in Section
(2.6, a. The resulting quadratic equations are

Uy = By T ExuX +E, % + By x* + Eeg X% +Eyq ‘?(3- (2-151)
= : > (2-152)
Uy = E?‘+E‘&,_X+E‘t3‘-a—+ E\&*X *E‘*sx‘t 4 E‘te\l’

The magnitude of the current is given by

1
W = (U-XL + u‘?’)y (2-153)
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and the current direction is defined by

w
Xowm. € = Tt (2-154)
b

The partial derivatives of uxand uy are found from Equations (2-151)

and (2-152).
%(& = Byp &me * Exs Y =L
Uy B 5B..% + 4E (2-156)
N3 Ty - X3 T Exs X6 { )

9&

-a—:g_ = LEga (2-157)
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59_&3 =S B (2-158)
Xa‘&

2

9_“5 - g‘Exb (2-159)
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3 %

Sz By b AELX gy (2-160)
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The partial derivatives of u are found to be ziven by

2% :J&-(uxﬂﬁ _‘.u%i‘ﬁl’)

(2-161)
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The partial derivatives of £ are determined to be
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b. Rotation of axes to make computations
Following the procedure described in Section (2.6),b for water
depths, the calculations are made in a x'y''-coordinate system where the
x''-axis is taken in the direction of the gradient of the current speed.
The ray particulars are tabulated in the xy-coordinate system which is fixed
with respect to the current grids. The equations which relate these coordinate
svstems are expressed bv
| @2ATFE)
X=X waxe + YA Ko
A\~
}] . x
% = - X AN, + ‘;\z%‘v o (2-176)

Ko, Ko = o4 / L (2-177)

where o is the angle by which the x''-axis is rotated with respect to the
x-axis. Further

1 (2-178)
P - e

0 - X¢ (2-179)
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The partial derivatives of u in the x''v'-coordinate svstem with respect

iii to the partial derivatives of u in the xy-coordinate svstem are given bv

E - _alkﬁ - D_‘ﬁ M(XQ, + a—uA.W\DKQ/ (2-181)
id ax X %
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: 2’ Fu - 2y, Yu
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3Xl|a%“ - @;ﬁ-- ax;) AVV\-W\Q’ MKQ/ + m(m %- AW OL(') (2-185)

The relations connecting the partial derivatives of € between the two
coordinate systems are given by

pI3 J€ Q€ (2-186
X’ - oX Lo ®e + % A, Ke, )
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c. Derivatives of w, v, and uy
In Section (2.6), c the derivatives of v are expressed directly in terms

of the corresponding derivatives of water depth. In considering currents

the derivatives of v are related to derivatives in w. For the first x"-

derivatives it is found that

') (2-191)
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i-‘ ‘- X" - w axﬂ
where
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1 _ hev(i-av®) - 4l o

Wi = W+ g (1 - o>

W (2-195)
2 T s
E‘ %
M, = ue Ao e ey (2-196)
L NS

Wg = K we (Y- €M) Y

The first y"-derivatives can be expressed
_g‘_u;’ﬁ =-{1+ *l’fiw‘t’: + ‘t;‘(\-kww)}-‘ = mAImU"-e")g—j} (2-198)
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M, = Lk.ALW.(N“-€”> ch\f"
i T+ Uy

The second x''-derivatives are determined to be

N -l >
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The second derivatives with respect to v'" become
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The mixed derivatives can be stated as
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5 d. Derivatives of U
The spatial derivatives of U due to variations in a current are
51ﬁ11ar to the derivatives presented in Section (2.6), d for variations in
U due to changes in water depth. The first derivatives are seen to be
N7 .;?Hﬁ = %. _g\f‘_l D A, (2-219)
U U Vv
%‘2‘“ ¥ By + 10 By (2-220)

where

1 = N4
L 7 (2=221)

I *FWh
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_TU w 'a\Y' (2-225)
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A Note that n, ?, and I are defined the same as in Section (2.5), d.
.i The second spatial derivatives of U are given by
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(;F
e. Derivatives of G and v
The first partial derivatives of G are considered in Section (2.1), b
It is necessary to consider the derivatives of G and u_ together. For
the first x''-derivatives it is found that y
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The y''-derivatives can be stated as
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The second x''-derivatives are determined tc be
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The second derivatives with respect to y'" are
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The mixed derivatives can be stated as
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.8 Summary of Basic Equations. In the x'v'- and x'"y''-coordinate systems,
quation (2-24) for the ray curvature of the wave packet becomes

na(', .l 9 Yo,
Kg = ‘ Ume Eg\- i/ume ('g%r % W}

n (.96 d Uwm. Ll
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Equation (2-25), which defines the ratio of the incremental distances of
the wave packets and rays, is applied separately to the calculations
accounting for water depth and current variationms.

Equation (2-27) for the change in wavelet direction becomes

= (Lot s 5, o Lo (' (5 + 5)
' (2-262)

\Y4'Uﬁb

-5y + o ))}w] K

When the wavelet direction is computed using Snell's law, the x'y'-coordinate
system is the natural system to use for variations in water depth, and the
x"'y"-coordinate system is used for changes due to currents. Snell's law is
stated in Equations (2-28) and (2-29). The Doppler shifted frequency, due
to a current, is defined by Equation (2-13).

The wave height is given by Equation (2-54). The shoaling coefficient
is defined by Equation (2-51), whereas the friction coefficient is defined

by Equations (2-98), (2-99), and @-56). The refraction coefficient is
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determined as a function of 3 using Equation (2-58). The ray separation
factor 2 is determined by solving Equation (2-59) where
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In the x'y'-coordinate system 5h/53y' = 0. As a result the first partial
derivatives of the wave speeds with respect to y' vanish, and there is a
simplification in the second derivatives involving y'. In the x'y'"-coordinate
system du/3y" = 0. This results in a simplification of all the derivatives

involving y'". However, the first partial derivatives of the speeds do not
vanish unless 3¢'f53y" =
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ﬁi CHAPTER III THE COMPUTER PROGRAM .
t:' 3.1 Introduction to the Computer Program. Including the arravs the

) computer program requires approximately 580,000 bytes of storage. Of this

i amount, the arrays CMAT, CURX, CURY, AX, and AY occupyv about 187,000 bvtes

Of storage.

The input and output directions of the wave packets, wavelets, and
currents are defined as the directions from which the waves and currents come
with respect to true north. Before making calcular® -us these angles are trans-
formed using the following relationships

ec = CNVRSA - 9, + .oV (3-1)
Yo = CNVRSA - v, + 180 (3-2)
= = CN - s, + -

2. CNVRSA . 180 (3=3)

where the subscript C refers to the calculation coordinate svstem, the sub-
script N denotes the true north coordinate system, and CNVRSA is the direction
of the positive x-axis of the grids with respect to true north. The angles
are in degrees.

The program listing contains information on the input and output devices
used in running the program. All the input and output parameters are defined.
A description is given of the subroutine structure. Notes are provided on
the plotting software which is used. The use of double precision in the
calculations is discussed. Numerous comments are included to explain the
operation of the program.
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011
012
013
014
015
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034
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038
039
040
041
042
043
044
045
046
047
048
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3.2 Listing of the Computer Program.

PROGRAM WAVPAK

THIS 1S A PROGRAM FOR CALCULATING AND PLOTTING THE PATHS OF SURFACE
GRAVITY WATER WAVE PACKETS AND FOR CALCULATING THE WAVE HEIGHTS ALONG
THESE PATHS COMSIDERING WATER DEPTHS AND CURRENTS. THE EFFECTS OF
SHOALINGsy REFRACTIONs AND ENERGY DISSIPATION ARE ACCOUNTEDR FOR.

THE PROGRAM WAS COMPLETED SEPTEMBER 1982 UNDER A CONTRACT WITH THE
COASTAL SCIENCES PROGRAM» OFFICE OF NAVAL RESEARCH. THE PROGRAM WAS
PREPARED BY

J+ ERNEST BREEDING» JR
SHELLEY KAY HORTON
DEPARTMENT OF OCEANOGRAPHY AND OCEAN ENGINEERING

MICHAEL C. NEWELL
INTERACTIVE COMPUTING FACILITY

FLORIDA INSTITUTE OF TECHNOLOGY
MELBOURNE,» FL 32901
USA

THIS PROGRAM IS BASED ON A PROGRAM FOR COMPUTING THE PATHS OF MONOCHROMATIC
RAYS DUE TO VARIATIONS IN WATER DEPTH BY

W, STANLEY WILSON» *A METHOD FOR CALCULATING AND PLOTTING SURFACE
WAVE RAYSs* TECHNICAL MEMORANDUM NO., 17, COASTAL ENGINEERING
RESEARCH CENTER» 57 PP. (1966) (AD=636-771).

WITH THE EXCEPTION OF THE PLOTTING SUBROUTINES, THE WILSON PROGRAM WAS
EXTENSIVELY MODIFIED IN ORDER TO COMPUTE THE PATH OF A WAVE FACKET AND
TO COMPUTE THE WAVE HEIGHT.

COPIES OF THIS PROGRAM MAY BE OBTAINED ON 9-TRACK, 800 OR 1600 BPI ASCII
ENCODED TAPES BY SENDING A BLANK TAPE TO THE AUTHORS.

I1/0 UNIT NUMBERS

OO0O00O00000O000000000000000000000000000000000000O0O00O00O00O 0

UNIT 1 CONTROL DATA FILE (INPUT)

UNIT 2 WATER DEPTH GRID FILE (INPUT)

UNIT 3 CURRENT SPEED GRID FILE (INPUT)

UNIT S TERMINAL INPUT (USED ONLY BY SUBROUTINE IOSET)
UNIT 6 PRINT FILE (OUTPUT)




049
050
051
0352
053
054
055
¢SS
057
058
0359
060
061
062
063
064
0635
066
067
048
069
0790
071
072
073
074
075
074
077
078
079
080
081
082
083
084
085
086
087
088
089
090
091
092
093
094
09S
094
097
098
099
100
101

OO0 O0O0000O0O00O00O00000O00O00O00O0O000O000O00OO00000O00000000000000O000 0O

INPUT

UNIT ¢
PARAMETERS

A

AKRTOL

Av

CCON

CF

CIN

CMAT

CNVRSA

CONTURC

CONTURD

CURX

CURY

DATEL,
DATE2

DCON

DELTAT

DEP

DIR

GRID
HGTZ
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36
PLOT FILE (OUTPUT)

IS THE INITIAL DIRECTION FROM WHICH THE WAVE PACKET
COMES WITH RESPECT TO TRUE NORTH.

DETERMINES THE ACCURACY IN CALCULATING THE REFRACTION
COEFFICIENT.,

IS THE INITIAL DIRECTION FROM WHICH THE WAVELETS COME
WITH RESPECT TO TRUE NORTH.

IS A FACTOR TO CONVERT THE CURRENTS IN CURX AND CURY TO
FEET/SECOND OR METERS/SECOND.

IS THE FRICTIOMN FACTOR FOR THE FRICTION COEFFICIENT.

IF CIN IS NOT ZERO IT IS THE TRAVEL TIME IN SECONDS
BETWEEN SUCCESSIVE TICK MARKS ON A RAY.

IS THE WATER DEPTH GRID.

IS THE DIRECTION OF THE POSITIVE X-AXIS OF THE WATER
DEPTH AND CURRENT GRIDS WITH RESPECT TO TRUE NORTH.

SPECIFIES THE SOUNDING CURRENTS IN FEET/SECOND OR
METERS/SECOND.

SPECIFIES THE SOUNDING DEPTHS IN FEET OR METERS.
IS THE X-COMPONENT CURRENT GRID.

IS THE Y-COMPONENT CURRENT GRID,

DEFINE THE YEAR» MONTH, AND DAY,

IS A FACTOR TO CONVERT THE WATER DEPTHS IN CMAT
TO FEET OR METERS.

IS THE TIME STEP IN SECONDS.

IS THE WATER DEPTH IN FEET OR METERS IF THERE IS
NO WATER DEPTH GRID.

IS A COMPUTER RUN IDENTIFIER.

IS THE NUMBER OF FEET OR METERS PER GRID UNIT.

IS THE INITIAL WAVE HEIGHT IN FEET OR METERS.
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102
103
104
105
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107
108
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114
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114
117
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122
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130
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132
133
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137
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139
140
141
142
143
144
145
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147
148
149
150
151
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154
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HT

MM

HOE

MXPLOT

NAX

NC

NCC

NCO

ND

NF AN

NN

NNSKIP

NOR

NPT

NROPT

NSH
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HEIGHT OF THE PLOT IN INCHES OR CENTIMETERS.

MAXIMUM X FOR THE WATER DEPTH AND CURRENT

UNITS SPECIFIER
=> ENGLISH UNITS
=> METRIC UNITS

NUMBER OF PLOTS OR COMPUTER RUNS.

PLOT AXES CALIBRATE FLAG
=> DO NOT CALIBRATE AXES
=> CALIBRATE AXES

CURRENT GRID FLAG
a> THERE IS NO CURRENT GRID
=> THERE IS A CURRENT GRID

NONZERO» IT IS THE NUMBER OF SOUNDING CURRENT

FOR A PLOT.

IT IS THE NUMBER OF SOUNDING WATER DEPTH
FOR A PLOT.

WATER DEPTH GRID FLAG
=> THERE IS NO WATER DEPTH GRID
=> THERE IS A WATER DEPTH GRID

RAY NUMBER FLAG
3> RAYS ARE NUMBERED AT THEIR INITIAL POINTS
=> RAYS ARE NUMBERED AT THEIR TERMINAL POINTS

MAXIMUM Y FOR THE WATER DEPTH AND CURRENT

AMOUNT ADDED TO THE Y-COLUMN IN SELECTING THE

NEXT COLUMN FOR LOCATING SOUNDING VALUES,

IS THE

IS THE
=0
=1

IS THE
=0
= 1

IS THE
=0
= 1

NUMBER OF RAYS FOR A GIVEN RUN,

FLAG FOR OPTIONAL RAY OUTPUT
a> OPTIONAL RAY PARTICULARS ARE NOT PRINTED
=> OPTIONAL RAY PARTICULARS ARE PRINTED

REFLECTION POINT CONTINUATION FLAG
=> RAY IS NOT CONTINUED BEYOND REFLECTION POINT
=> RAY IS CONTINUED BEYOND REFLECTION POINT

SHORELINE FLAG

=> SHORELINE IS NOT DRAWN
=> SHORELINE IS DRAWN
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133
160
161

47
iVa

143
164
165
166
R 167

168
ﬂ 169
‘ 170
171
172
3 173
3 174
F‘ 175
176
r 177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207

E.‘
19
b
4

OO0 OO0 0000000000000 0

NSK

NWBRK

NXCHAT

PROJCT

TT

X2 Y

ZD

OUTPUT RAY PARTICULARS

CUR:DI

CUR:SP

DEPTH

6=U x
COS(PACX-WAVE)
GR

HGT

KF

KR

XS

HAX

PACK
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DETERMINES THE FREQUENCY OF PRINTED OUTPUT. OUTPUT
OCCURS FOR THOSE VALUES OF MAX WHICH AKE AN INTEGRAL
MULTIPLE OF NSK.

IS THE WAVE BREAK TEST FLAG
0 => WAVE BREAK TEST IS MADE
1 => WAVE BREAK TEST IS NOT MADE

IS THE GRID READ FLAG
0 => READ NEW GRID(S)
1 => USE GRID(S) FROM FREVIOUS PLOT

IS A COMPUTER RUN IDENTIFIER.
IS THE INPUT WAVELET.PERIOD IN SECONDS.
ARE THE INITIAL RAY COORDINATES.

1S THE CURRENT SPEED IN FEET/SECOND OR METERS/
SECOND IF THERE ARE NO CURRENT GRIDS.

IS THE INITIAL DIRECTION FROM WHICH THE CURRENT COMES

WITH RESPECT TO TRUE NORTH IF THERE ARE NO CURRENT
GRIDS.,

IS THE DIRECTION FROM WHICH THE CURRENT COMES WITH
RESPECT TO TRUE NORTH.

IS THE CURRENT SPEED IN FEET/SECOND OR METERS/SECOND.
IS THE WATER DEPTH IN FEET OR METERS.

1S THE GEOMETRIC GROUP SPEED IN FEET/SECOND

OR METERS/SECOND RELATIVE TO THE CURRENT.

IS THE RAY SPEED IN FEET/SECOND OR METERS/SECOND.

IS THE WAVE HEIGHT IN FEET OR METERS.
IS THE FRICTION COEFFICIENT.

IS THE REFRACTION COEFFICIENT.
IS THE SHOALING COEFFICIENT.

IS AN INDEX TO NUMBER POINTS ALONG A RAY.

IS THE DIRECTION FROM WHICH THE WAVE PACXET COMES WITH
RESPECT TO TRUE NORTH.
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240
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244
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PERIOD IS THE WAVELET PERIOD IN SECONDS RELATIVE TO THE
CURRENT.
RAY IS THE DIRECTION FROM WHICH THE RAY COMES WITH RESPECT

TO TRUE NORTH.

WAVE IS THE DIRECTION FROM WHICH THE WAVELETS (IN A PACKET)
COME WITH RESPECT TO TRUE NORTH.

XY ARE THE COORDINATES OF A RAY POINT,
ADDITIONAL QUTPUT IF NPT IS NOT ZERO
BETA IS THE RAY SEPARATION FACTOR.

BRK UP IS THE TYPE OF TIME STEP BREAKUP IF ONE OCCURS. IF THE
BREAKUP OCCURS IN ORDER TO MAINTAIN ACCURACY IN THE
REFRACTION CALCULATIONSs °*BETA® AFPEARS IN THE
PRINTOUT. 1IF A TIME STEP BREAKUP IS REQUIRED TO KEEP
THE CHANGE IN °'PACK® TO LESS THAN ONE DEGREE BETWEEN
SUCCESSIVE RAY FOINTS NEAR A REFLECTION POINT,
'REFLECT® APPEARS IN THE FRINTOUT.

CURVATURE IS THE RAY CURVATURE OF THE PACKET IN RADIANS/GRID
UNIT,

DBETA/DT IS THE TIME DERIVATIVE OF BETA.

6T IS THE SPEED OF THE ABVECTED GROUP FRONT IN
FEET/SECOND OR METERS/SECOND RELATIVE TO THE
CURRENT.

NO IS THE NUMBER OF INTERVALS THE INPUT TIME STEP IS

DIVIDED INTO.

PCT:ICX IS THE MAXIMUM PERCENTAGE DIFFERENCE FOR THE X-
COMPONENT CURRENT GRID. SEE EXPLANATION TO PCTID.

PCT:CY IS THE MAXIMUM PERCENTAGE DIFFERENCE FOR THE Y-
COMPONENT CURRENT GRID. SEE EXPLANATION TO PCT:D.

PCTID IS THE MAXIMUM OF THE PERCENTAGE DIFFERENCES AT THE 4
GRID POINTS CLOSEST TO THE RAY POINT OF THE SURFACE
FIT DERIVED WATER DEPTH RELATIVE TO THE ACTUAL DEPTH.

ROTAT:C 1S THE ANGLE OF THE ROTATED XY-SYSTEM (WHERE THE Y-
BERIVATIVES ARE SIMPLIFIED) RELATIVE TO THE CURRENT
GRID XY-SYSTENM.

ROTAT:D IS THE ANGLE OF THE ROTATED XY-SYSTEM (WHERE THE FIRST
Y-DERIVATIVES VANISH) RELATIVE TO THE WATER DEPTH
GRID XY-SYSTEH.
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. 261 C U IS THE CONVENTIONAL GROUP SPEED IN FEET/SECOND OR
f£23 262 C METERS/SECOND RELATIVE TO THE CURRENT.
jﬂﬂ 263 C ;
LA 264 C Y IS THE PHASE SPEED IN FEET/SECOND OR METERS/SECOND
N 265 C RELATIVE TO THE CURRENT.
= 266 C
= 297 VT IS THE SPEED OF THE ADVECTED WAVELET FRONT IN FEET/
E i 268 C SECOND OR METERS/SECOND RELATIVE TO THE CURRENT,
I|i| 269 C
E-- 270 C
-
O
% 271 ¢
ks 272 C SUBROUTINE STRUCTURE
- 273 C
- 274 C WAUPAK MAINLINE PROGRAM
278 ¢
276 C I0SET SET UP 1/0 UNITS
277 C
278 C NUMCON PLOT SOUNDING DEPTHS
279 € NUMBER CALCOMP ROUTINE TO PLOT NUMBERS
280 C PLOT CALCOMP ROUTINE TO PLOT SYMBOLS -
281 C )
282 C NUMCON2 PLOT CURRENT SPEED CONTURS
283 C NUMBER CALCOMP ROUTINE TO PLOT NUMBERS
28; £ PLOT CALCOMP ROUTINE TO PLOT POINTS
285 C
286 C PLOT CALCOMP ROUTINE TO PLOT POINTS
287 C
288 C PLOTS CALCOMP ROUTINE TO INITIALIZE PLOTTER
289 C
290 C PRTPRM PRINT OUT INPUT PARAMETERS
291 C
292 ¢ RAYN CONTROL RAY CALCULATIONS AND PRINTOUT
293 C ANGCON CONVERT ANGLES FOR PRINTOUT
294 C DRAW DRAW A RAY PATH AND TICK MARKS
295 C NUMBER CALCOMP ROUTINE TO DKAW NUMBERS
296 C PLOT CALCOMP ROUTINE TO PLOT POINTS
297 C HEIGHT COMPUTE WAVE HEIGHT
298 C MOVE MOVE PACKET ALONG PATH
299 ¢ ANGCON CONVERT ANGLES FOR PRINTOUT
300 C HEIGHT COMPUTE WAVE HEIGHT
301 C FAGCOL PRINT PAGE AND COLUMN HEADINGS
302 C SURFCE COMPUTE WAVE PARTICULARS
303 C VELCTY COMPUTE WAVE SPEEDS
304 C PAGCOL PRINT PAGE AND CGLUMN HEADINGS
305 C PCD COMPUTE PERCENT DIFFERENCES
306 C STORE STORE DATA ON CURRENT POINT
307 C SURFCE COMPUTE WAVE PARTICULARS
308 C VELCTY COMPUTE WAVE SPEEDS
309 C
310 C SHORE PLOT IN THE SHORELINE IF REQUIRED
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T &
k 311 ¢ PLOT CALCOMP ROUTINE TO PLOT POINTS
& Tize
bil o oatac AL TITLE AND BORDER THE PLOT
® - aac AXTS2 PLOT AXES
5 315 ¢ NUMBER CALCONP ROUTINE TO PLOT NUMBERS
- 316 ¢ PLOT CALCOMP ROUTINE TO PLOT POINTS
L 3i7c SYHBOL CALCOMP ROUTINE TO PLOT SYMBOLS
= 318 ¢ NUMEER CALCOMP ROUTINE TO PLOT NUMBERS
ili 319 C PLOT CALCOMP ROUTINE T0 PLOT POINTS
. 320 ¢ SYMBOL CALCOMP ROUTINE TO PLOT SYMBOLS
= 321 ¢
- 322 C NOTES
E 323¢
-2 324 C THIS PROGRAM USES THE CALCOMP HCBS (HOST COMPUTER BASIC SOFTWARE) T0
325 ¢ PERFORM ALL PLOTTING., USERS SHOULD NOTE THAT THIS SOFTWARE VARIES
336 ¢ SLIGHTLY FROM VERSION TO VERSION; IN ADDITION, MANY SITES HAVE
o7 b MODIFIED THIS PACKAGE LOCALLY TO SUIT PARTICULAR NEEDS.
328 C
329 C DOUBLE PRECISION HAS BEEN USED IN THIS PROGRAM TO OBTAIN REQUIRED
330 ¢ ACCURACY ON THE VAX 11/780 AND IBM 370 COMPUTERS. USERS OF CDC CYBER
331 ¢ COMPUTERS AND THE LIKE, WHICH USE EXTENDED PRECISION BY DEFAULT,
332 C SHOULD NOT REQUIRE DOUBLE PRECISION.
333 ¢
334 C THIS PROGRAM HAS BEEN EXTENSIVELY MODIFIED ON A VAX 11/780 USING
335 ¢ FORTRAN 77 COMPILER. EVERY EFFORT HAS BEEN MADE TO USE ANSI 1966
o 336 C STANDARD FORTRAN CONSTRUCTS. THE ONLY VAX SPECIFIC SUBROUTINE
@ 337 ¢ 1S *10SET*; SEE THE COMMENTS IN THAT ROUTINE FOR MORE SPECIFICS.
c

338

339 INPLICIT REALSS (A=H»0-2)
340 ¢
341 DIMENSION CONTURD(9)»CONTURC(9) 1EM(6212)15(506)
342 DIMENSION C(12),CX(12)yCY(12)rEC6)EX(6)rEY ()
343 ¢
344 C VARIOUS GRIDS NEEDED FOR VARIOUS ROUTINES
345 C
346 COMMON /GRDCOM/ CMAT(1205120), CURX(120,120)s CURY(120s120),
347 i CURR(120,120)y AX(4500)s AY(4500)
348 ¢
349 ¢ COMMON BLOCK PRTCOM IS USED BY SUBROUTINE PRTPRM
350 ¢
151 COMMON /PRTCOM/ HT»HXPLOT»NOR»NPT»NAXs NSHyNCOs NCC,NXCHATS
352 1 MMy NN» NNSKIP
353 ¢
354 ¢ MAICOM 1S USED BY ALL ROUTINES
“4 3855 ¢ I
356 COMMON /MATCOM/ ALFA»AMMy ANN»CF »CINy CNVRSA» CONTURD » DATE1» DATE2)
357 1 DCON» DELTAT» DIR» DY »EM» GRIDs HGTZ» AKRTOL » PROJCT s ;
158 2 Sy SDLTAT»NSK» TT» NWBRK s NBRKUP » NFAN» NFLAGR »
359 3 NOLINE» IFLG»MOE »NFLECT »NFRAC T » NRFLBU» NRFRBU» NROPT

360 C
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- 361 C RAYCOM IS USED BY ALL ROUTINES REQUIRING RAY DATA
- 362 C
3463 COMMON /RAYCOM/ BDZsCsCXsCYsDsDELAsDEP+»DGDXsDHDXsEsEXsEY»G+GZERDY -
344 1 HGT+AKFCrAKRyAKS»POT»PREVIP1:P29P3+P4»PS,Q0T Q1
365 2 R2,33+,Q4,QS9PU»SVV,yPDEP»SPREVYGTZERD
366 3 PALFA»SVAVPGYU»V» IHGT,
347 4 NTOREF» INUM» MAXQy» NUMT » NOREF
368 C
369 C SRFCOM 1S USED BY ALL ROUTINES PERFORMING SURFACE FUNCTIONS
370 C
371 COMMON /SRFCOM/ NDyNCsCCON»TTT»ARAYGRsGT»SARAY»PZPZDy
372 1 CALFAYPCALFA»PARAY »PREVT »SPREVT »VT»SVUT»ASYy
373 2 ZyZDyBZsKMAXsPXsPYsPTTT+PANGLE»PGRIPPCTD»PPCTCXy
374 3 PPCTCY»PGT»SVBZ»SVBDZ »KNUMT»KRFLBU»KRFRBU»CDGDX»
375 4 UMX+»AGRyPGAMPBZyPBDZyPFKsPVyPVUT
376 C
377 C NUMCOM IS USED BY NUMCON
378 C
379 COMMON /NUMCOM/ CONTURC
380 C
381 C SET UP THE INPUT FILES AND INITIALIZE THE CALCOMP PLOTTER
382 C
383 CALL IOSET
384 CALL PLOTS(0.020,0+9)
385 C
386 C DEFINE SOME CONSTANTS ~
387 C e
388 HMAX=4500
389 LI=50
390 C
391 C READ THE FIRST CONTROL CARD
392 C
393 READ (1,3) MXPLOT»PROJCTs»DATE1»DATE2,DIR
394 C
395 C LOOP QOVER THE PLOT SETS
396 C
397 DO 399 NPLOT=1,MXPLOT
398 READ (1s4) NORINPTyNSKsHTsCINsNAXyNSHyNCOsNCC»NNSKIPs»NXCHAT » MOE
399 READ (1,5) MMsNNyCNVRSAyGRIDsDCONsDEPINDyCCONs»Z»ZDsNC
400 C
401 C THE INPUT DIRECTIONS ARE TRANFORMED TO THE COMPUTATIONAL |
402 C COORDINATES AND TO RADIANS
403 C
404 ZD=CNVRSA-ZD+180,D0
405 ZD=7ZD%1,74532925D-2
406 C
407 C SELECT ACCELERATION DUE TO GRAVITY
408 C
409 IF (MOE .EQ. 0) GO TO 23
410 AGR=9,8D0
411 C
412 C CONVERT TO ENGLISH UNITS FOR PLOT CALCULATIONS
413 C
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HT=HT/2.54D0
GRIDPLT=GRID/0.,3048D0
GO T0 22

AGR=32,2D0
GRIDPLT=GRID

CONVERT CIN FROM SECONDS TO HOURS

CIN=CIN/3600.D0

AMM=MK~1,00

ANN=NN-1.,D0

DY=ANN/KHT

SCLI=GRIDPLT*DY*12,

CALL TITLE (NPLOTsNAX»SCLI,»HT)

READ THE WATER DEPTH GRID» IF ANY

IF (ND .EQ. 0) GO TO 25
IF (NXCHAT .NE., 0) GO TO 3939
READ (2y11) ((CHMAT(JsI)yI=1,MM)rJ=1sNN)

READ THE CONTURD CARD IF ANY» THEN PLOT SOUNDING REPTH
CONTOURS REQUESTED

IF (NCO .LE. 0) GO TO 493
READ (1+495) (CONTURD(I),I=1+NCO)
CALL NUMCON

PLOT THE SHORELINE IF REQUESTED

IF (NSH .EQ. 0) GO TO 393
CALL SHORE

READ THE CURRENT GRIDs IF ANY

IF (NC .,EQ, 0) GO TO 3937

IF (NXCMAT .NE., 0) GO TO 3949
READC(3+11) ((CURY(JsI)s1=1,HMM)r»J=1+NN)
READ(3911) ((CURX(JsI)sI=1,MM)9sJ=19NN)

COMPUTE MAGNITUDE OF CURRENT

DO 50 J=1sNN
DO S1 I=1,MM
CURR(J»1)=DSART(CURX(J» 1) X22+CURY(J» 1) 2X2)
CONTINUE
CONTINUE

READ THE CONTURC CARD IF ANY» THEN PLOT CURRENT
PROFILES REQUESTED

IF (NCC .LE. 0) GO TO 3937
READ(1,495) (CONTURC(I)sI=1,NCC)
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467
468
469
470
471
472
473
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475
474
477
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479
480
481
482
483
484
485
486
487
488
489
490
491
492
493
494
495
494
497
498
499
500 C
501 C
502 C
503

504 1
505 C
506 C
507 C
508
509 C
510 C
511 C
512 3
513 €
514 C
515 C
516

517

518

519 €

QOO WHOOO
~0
(2]
~

OO0

CALL NUMCON2

64

PRINT SYSTEM PARTICULARS

CALL PRTFRM(NPLOT)

it e e B i S o

LOOP OVER THE RAYS OF THIS SeT

DO 15 N=1»NOR
REAB(1+6) DELTAT»TTsXsY»A»AV»HGTZ»CFs»AKRTOL » NROPT» NWBRK s NFAN

SET AND/OR COMPUTE INITIAL VALUES

TTT=TT
SDLTAT=DELTAT
A=CNVURSA-4+180,D0
A=A%1,74532925D-2
AV=CNURSA-AV4+180, D0
AV=AUX1,74532925D-2
MAXQ=1

NOLINE=0

NBRKUP=0

NFLECT=0

NRFLBU=0

NFRACT=0

NRFRBU=0

NFLAGR=0

IFLG=0

ALFA=0.0B0
CALFA=0.,D0

SUAU=AY

ASV=A

ARAY=A

PERFORM CALCULATIONS FOR THIS RAY

CALL RAYN(XsYsAsNPLOT»NyHMAXsLI»AYV)

CONTINUE

RE-ORIGIN THE PLOTTER FOR THIS PLOT

CALL PLOT (=3.y=.45-3)

THEN CONTINUE WITH THE NEXT PLOT

CONTINUE
CLOSE OUT THE PLOTTER»

CALL PLOT(0+0,999)
WRITE (461999%)
CALL EXIT

THEN WRITE TERMINATION RECORD AND END
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S 520 C FORMAT SECTION
. - 521 C
»;-‘ “5— 522 3 FORMAT(I2s1X»3(A&11X)1A8)
3 523 4 FORMAT(3(2XsI3)95X»2(F84392X)»7(2Xy13))
324 5 FORMAT(2(2XsI3) 2 1XsFZ7.322(1XsFR.3)91XsF7.221XsI391X9FP.591X>
925 1 F7:291X9F64291Xy13)
526 6 FORMAT(7(F6.292X)12(F5.422X)23(I191X))
527 1t FORMAT(14F5,0)

528 495 FORMAT(9F8.2)
529 9999 FORMAT(1H1,17H THIS IS THE END.)

1 530 END

-

3 001 SUBROUTINE TITLE (NPLOTyNAX»SCLIHT)
002 C
003 C PURPOSE
004 C
005 C THIS SUBROUTINE LABELS THE PLOT AND ADBS THE STRAIGHT LINE
006 C BORDERS.,
007 C
008 C SUBROUTINES REQUIRED

@ 009 C

010 C AXIS2 SUBROUTINE FOR DRAWING AXES
011 C SYMBOL CALCOMP ROUTINE FOR DRAWING VARIOUS SYMBOLS
012 C NUMBER CALCOMP ROUTINE FOR DRANING NUMBERS
013 C PLOT CALCOMP ROUTINE FOR DRAWING POINTS AND LINES
014 C
015 IMPLICIT REALZ%28 (A-H»0-2)
016 DIMENSION CONTURD(9) EM(6112)2S5(614)
017 COMMON /MAICOM/ ALFAYAMMyANNICFyCINsCNURSA»CONTURD»DATEL1DATE2,
018 1 DCON»DELTAT»DIRsDY»EMIGRID»HGTZ»AKRTOL yPROJCT»
019 2 SySDLTATINSKy TTyNWBRK» NBRKUP » NFANy NFLAGR»
020 3 NOLINE»IFLGYMOEYNFLECTyNFRACT sNRFLBU»NRFRBUyNROPT
021 C
022 C MOVE THE PLOT AXISy AND DEFINE SOME CONSTANTS
023 C
024 CALL PLOT(3++0.,4,3)
025 RT=AMM/DY
026 XNPLOT=NPLOT
027 C
028 C DRAW IN THE PLOT TITLE LABELS
029 C
030 CALL SYMBOL(1.25+0.4y.2v17HPROJ. NO. 1190.917)
031 CALL SYMBOL(1.2592+4+:25PR0OJCT1904+6)
032 CALL SYMBOL(1.,25+4.0+,2yDATEL1+90.96)
033 CALL SYMBOL(1.,2595:27.2yDATE2990.92)
034 CALL SYMBOL(+.,50+0.4y.2+,23HSCL = 1/ v CIN =y90,,23)
035 CALL NUHBER(1.50v2.09 oZ’SCLI!?Oo"l)
036 CALL NUMBER(1.5095:2y+,2'CIN23600.990.+-1)
037 CALL SYMBOL(1.75+0.4y.2+19HPLOT NO, y DIR: 2990.,,19)
038 CALL NUMBER(1,75+2:29+29XNPLOT»90.+9-1)

039 CALL SYMBOL(1.75+4.4,y,2+DIR+90,+6)




66
040 C
041 C CHECK AXIS TYPE
042 C -
043 IF (NAX .NE., 0) GO TO 705
044 C
045 C DRAN STRAIGHT-LINE BORDERS FOR THE PLOT
046 C
047 CALL PLOT(3.50.453)
048 CALL PLOT(3.sHT+.452)
049 60 TO 706
050 C
051 C DRAW FULL LABELED AXES
052 C :
053 705 CALL AXIS2(3.+50.451HY»1sHT+90.50.DY)
054 CALL AXIS2(3.s+491HXs=19RT10,50.sDY)
055 CALL PLOT(3. HT+.4,3)
056 C
057 C DRAW IN OUTER BOX LIMITS
058 C
059 706 CALL PLOT(RT+3.sHT+.4,2)
060 CALL PLOT(RT+3.144,2)
061 C
062 C THEN RE-ORIGIN IN CORRECT POSITION
063 C
064 IF (NAX .EQ. 0) CALL PLOT(3.50.452)
065 CALL PLOT(3+90.49=3) -
066 YHT=HT b
067 RETURN
068 END
001 SUBROUTINE AXIS2(X,Y,BCDsNCsSIZEs THETA, YMIN, DY)
002 C
003 C PURPOSE
004 C
005 C THIS ROUTINE DRAWS, CALIBRATES» AND LABELS THE AXES
006 C FOR THE PLOT.
007 C
008 C SUBROUTINES REQUIRED
009 C
010 C NUMBER CALCOMP ROUTINE FOR PLOTTING NUMBERS
011 C PLOT CALCOMP ROUTINE FOR MOVING THE PEN
012 C SYMBOL CALCOMP ROUTINE FOR PLOTTING SYMBOLS
013 C :
014 IMPLICIT REAL28 (A-H»0-2)
015 C _
016 C INTTIALIZE VARIOUS CONSTANTS
017 C
018 BIGN=1.0D0
019 C
020 C IF THERE ARE NO CHARACTERS FOR THE AXIS» THERE IS NO NEED
021 C 70 RE-ORIGIN
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IF (NC .GE. 0) GO TO 2
BIGN=-1.0D0
NAC=IABS(NC)
TH=THETA%1,74532925D-2
N=DYXSIZE+0.5D0
CTH=DCOS(TH)
STH=DSIN(TH)

TN=N

XB=X

YB=Y
XA=X-0.1DOXBIGNXSTH
YA=Y+0.1DOXBIGNXCTH

DRAW AXIS WITH CALIBRATED TICK MARKS

CALL PLOT(XAsYAs»3)

DO 20 I=1sN
CALL PLOT(XBsYB»s2)
XC=XB+CTH/DY
YC=YB+STH/DY
CALL PLOT(XCsYCs2)
XA=XA+CTH/DY
YA=YA+STH/DY
CALL PLOT(XAsYAs2)
XB=XC
YBaYC

CONTINUE

IBSV=YMIN+TN

XA=XB~(,20D0XBIGN~-,05D0)2STH-,02837D0%CTH
YA=YB+(,20D0XBIGN-,035D0) *CTH~,02837D0XSTH

N=N+1

T W T e TR T YT e e TN

NUMBER THE ORIGIN AND EVERY TENTH TICK MARK

B0 30 I=1,N
IF (MOD(IBSV,10).EQ. 0)

CALL NUMBER(XAsYAs,1+sFLOAT(IBSV) s THETAs=1)

IBSV=IBSV-1

XA=XA=-CTH/DY

YA=YA-STH/DY
CONTINUE

LABEL THE AXIS

TNC=NAC+7

XA=X+(SIZE/2,0-,06%XTNC) XCTH-(~,07+BIGNZX.36)%STH
YA=Y+(SIZE/2.0-,06XTNC)XSTH+ (-, 07+BIGN%.346) XCTH
CALL SYMBOL(XAsYAs.14,BCDy THETAsNAC)

RETURN
END
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SUBROUTINE NUMCON
PURPOSE

THIS ROUTINE LOCATES AND DRAWS IN THE SPECIFIED SOUNDING
DEPTHS.

SUBROUTINES REQUIRED

NUMBER CALCOMP ROUTINE 7O DRAW NUMBERS
PLOT CALCOMP ROUTINE 70 MOVE THE PEN

IMPLICIT REAL3B (A-H,0-2)
DIMENSION CONTURD(9)+EM(89212)95(816)

COMMON /MAICOM/ ALFA+AMMsANNICFoCIN»CNVURSA)CONTURDyY DATEL»DATEZ)
DCONsDELTAT»DIRsDY+EMsGRIDIHGTZ»AKRTOL »PROJCT
SySDLTAT/NSK» TT»NWBRK»NBRKUP ) NFAN) NFLAGR
NOLINE,»IFLGyMOEsNFLECT»NFRACT»NRFLBUs NRFRBU, NROPT

COMMON /GRDCOM/ CMAT(120,120)» CURX(120,120)y CURY(120+120)»
CURR(120+120)» AX(4500)s AY(4500)

COMMON /PRTCOM/ HT )MXPLOT+NORs»NPTsNAXs»NSHyNCO+»NCCs»NXCHAT,
MM» NNy NNSKIP

DEFINE SOME USEFUL CONSTANTS

NOD=NN-1
KODD=MM-1

SELECT Y-COLUMN STARTING WITH THE SECOND Y-COLUMN

DO 5000 J=2y NODs NNSKIP
YJ=J-1
KKK=1

SELECT SOUNDING DEPTH

DO 8000 XC=1,NCO
KWIT=0
NDIF=3
I=HM-1

SEARCH COLUMN FOR THE GIVEN SOUNDING DEPTH BEGINNING ONE
GRID UNIT FROM THE END OF THE COLUMN

DO 1011 II=1,M0DD
XI=I-1
IL=$+41
AL=IL-1

’
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054
055
056
057
0S8
059
060
061
062
063
064
065
066
047
068
0469
070
071
072
073
074
075
076
077
078
079
080
081
082
083
084
0835
086
087
088
089
090
091
092
093
094
095
096
097
098
099
100
101
102
103
104
1035
106

\j L
...........
...............

o0

Hn(‘)(‘)gﬁﬁﬁ

-

81

82

1010
1011
8000

670

69

CHECK FOR CONTOUR REACHING THE SHORELINE

IF (KWIT .GT. 0) GO TO 8000
IF (CMAT(J»I) .GT. 0) GO TO 20
KWIT=1

LOCATE OURSELVES WITH RESPECT TO THE CONTOUR
IF (CHMAT(JsI)XDCON-CONTURD(KC)) 12511,13
THE CONTOUR FELL ON A GRID POINT

AX(KKK)=XI

AY (KKK)=CONTURD(KC)
KKK=KKK+1

NDIF=3

GO TO 1010

WE HAVE NOT YET REACHED THE PROPER REGION

GO TO (14577514)9NDIF
NDIF=1

60 TO 1010

GO TO (775s15+135)sNDIF
NDIF=2

GO TO 1010

THE CONTOUR IS WITHIN THIS GRID ELEMENT. LINEARLY
INTERPOLATE FOR THE SOUNDING DEPTH

SLPX=(DCONB(CHAT (Jy IL)=CHAT (J» 1))/ (XL-XI)
XP=(CONTURD(KC)-DCONSCMAT(Js1))/SLPX+XI

AX (KKK)=XP

AY (KKK)=CONTURD(KC)

KKK=KKK+1

GO TO (81,82)sNDIF

NDIF=2

GO TO 1010

NDIF=1

I=1-1

CONTINUE
CONTINUE

DRA¥ OUT SOUNDING DEPTHS FOR EACH SELECTED Y-COLUMN

KKK=KKK-1
IF (KKK-1) 5000+668,670
KKL=KKK-1
DO 998 IA=1,KKL
IAD=1A+1
DO 997 I1B=IADsKKK

IF (AX(IA) .LE. AX(IB)) GO TO 997
XMIN=AX(IA)




107
108
109
110
111
112
113
114
115
114
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136

001
. 002
# 003
- 004
[ 005

- 006
k: 007
?! 008

: 009
- 010
011

012
013

BT 014
013
: 016
ti} 017
@ 019
b 020

018

997
998
£58

104
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AX(TA)=AX(IB)
AX(IB)=XMIN
AMIN=AY (IA)
AY(IA)=AY(IB)
AY(IB)=XMIN
CONTINUE

CONTINUE

IF (¥0D(J»2) .NE., 0) GO TO 104

KONE=KKK

KADD=-1

LAST=1

GO TO 105

KONE=1

KADD=1

LAST=KKK

NUMBER THE CONTOUR

CALL NUMBER(AX(KONE)/DBY»YJ/DY»0.10+AY(KONE)»0.0s-1)
CALL SYMBOL(999.01999.,0+0.10+°D7+0,0s1)

IF (KONE .EQ. LAST) GO TO 5000

KONE=KONE+KADD

G0 TO 105

5000 CONTINUE

c
c
c

OO0 O0000 0

o

RE-ORIGIN THE PLOTTER AND EXIT
CALL PLOT(0490.+=3)

RETURN
END

SUBROUTINE NUMCON2

PURPOSE

THIS ROUTINE LOCATES AND DRAWS IN THE CURRENT SPEED
CONTOURS.

SUBROUTINES REQUIRED

NUMBER CALCOMP ROUTINE FOR PLOTTING NUMBERS
PLOT CALCOMP ROUTINE FOR MOVING THE PEN

IMPLICIT REALZX8 (A-Hs0-2)

DIMENSION CONTURD(9)sCONTURC(9)EM(6512)15(616)9C(12),CX(12)
DIMENSION CY(12)9E(6)sEX(6)1EY(H)

COMMON /GRDCOM/ CMAT(120,120), CURX(120,120)» CURY(120+120),
CURR(120+120)y AX(4500),» AY(4500)
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021 C
022 COMMON /PRTCOM/ HTyMXPLOT)NORsNPTsNAXsNSHyNCOsNCCy)NXCHAT
o 023 1 MMy NNs NNSKIP
024 C
025 COMMON /MAICOM/ ALFAyAMMyANNICFsCINYCNYRSAyCONTURD,DATEL»DATE2,
026 1 DCONsDELTAT+DIRs DY EMsGRIDIHGTZyAKRTOL s PROJCT
027 2 SsSDLTATINSKsTT ) NWBRK s NBRKUP s NFAN s NFLAGR »
028 3 NOLINE, IFLG:M0E s NFLECT s NFRACT s NRFLBUy NRFRBU» NROPT
029 C
an 030 COMMON /RAYCOM/ BDZsCsCXsCYsDsDELAsDEPsDGDXsDHDXsEIEXIEY+sG+GZERD
Fi-, 031 i HGT »AKFC»AKRyAKS»POTsPREV,P1,P2,,P3yP4»PS»Q0T Q1L
k- 032 2 22,03+Q4,05:PUs»SVV,PDEP »SPREV,GTZERD
- 033 3 PALFA»SVAVsPGsUsVs IHGT
2 034 4 NTOREF s INUM s MAXQs NUMT » NOREF
l‘ 035 C
9 036 COMMON /SRFCOM/ NDsNCsCCONsTTTsARAYsGRs»GT+SARAYPZsPZDy
] 037 1 CALFAsPCALFAIPARAY PREVT»SPREVT,VUT,SUT»ASY,
038 2 212D BZyKMAXsPXsPY)PTTTsPANGLE +PGRyPPCTDyPPCTCX s
039 3 PPCTCYsPGT»SVBZsSUBDZ yKNUMT s KRFLBU s KRFRBU» CDGDX s
1 040 4 UMX yAGR s PGAMsPBZy FBDZ)PFKyPU,PVUT
041 C
%’ 042 COMMON /NUMCOM/ CONTURC
b 043 C
- -. 044 C DEFINE SOME USEFUL CONSTANTS
3 045 C .
ﬂ W 046 NOD=NN-1
047 MODD=MM-1
3 048 C
1 049 C SELECT Y-COLUMN STARTING WITH THE FOURTH Y-COLUMN
gf 050 C
- 051 DO 5000 J=4, NOD» NNSKIP
: 052 YJ=J-1
053 KKK=1
054 C
055 C SELECT CURRENT SPEED CONTOUR
056 C
057 DO 8000 KC=1sNCC
0S8 NDIF=3
059 I=MH-1
060 C
061 C SEARCH COLUMN FOR THE GIVEN CURRENT SPEED CONTOUR BEGINNING
062 C ONE GRID UNIT FROM THE END OF THE COLUMN
063 C
064 DO 1011 I1I=1,M0DD
065 XI=1-1
- 066 IL=I+1
- 067 XL=IL-1
o, 068 C
o 069 C FIGURE QUT WHERE WE ARE IN RESPECT TO THE CONTOUR
L 4 070 C LINE
5 »o071 ¢C
) : 072 20 IF (CURR(JsI)ZCCON-CONTURC(KC)) 12,11,13
L 073 C
-
:..
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THE CONTOUR FELL ON A GRID POINT

AX (KKK)=X1

AY (KKK)=CONTURC (KC)
KKK=KKK+1

NDIF=3

60 TO 1010

60 TO (14,77,14),NDIF
NDIF=1

60 7O 1010

GO TO (77+15+15)NDIF
NDIF=2

G0 70 1010

THE CONTOUR FELL WITHIN THE CURRENT GRID ELEMENT.
LINEARLY INTERPOLATE FOR THE CURRENT SPEED CONTOUR

SLPX=(CCONX(CURR(JsIL)-CURR(J»I)))/(XL-XI)
XP=(CONTURC (KC)-CCONSCURR(JyI))/SLPX+XI
AX (KKK)=XP
AY (KKK)=CONTURC (KC)
KKK=KKK+1
GO TO (81,82)sNDIF
NDIF=2
60 70 1010
NDIF=1
I=I-1

CONTINUE

CONTINUE

DRAW THE SPEED CONTOURS FOR EACH OF THE SELECTED Y-COLUMNS

KKK=KKK~-1
IF (KKK-1) 500096684670
KKL=KKK-1
D0 998 IA=1,KKL
IAD=1A+1
D0 997 IB=IADsKKK
IF (AX(IA) .LE. AX(IB)) GO TO 997
XMIN=AX(IA)
AX({IA)=AX(IB)
AX(IB)=XKIN
XMIN=AY(IA)
AY(IA)=AY(IB)
AY(IB)=XMIN
CONTINUE
CONTINUE
IF (MOD(J»2) NE. 0) GO TO 104
KONE=KKK
KADD=-1
LAST=1
GO 70 105
KONE=1
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127 KADD=1
128 LAST=KKK
129
130
131
132 105 CALL NUMBER(AX(KONE)/DYs»YJ/DY90.10+AY(KONE)?»0.0+2)
133 CALL SYMBOL(999:09999.090:109°C“+0.091)

134 IF (XONE .EQ@. LAST) GO TO 5000

135 KONE=KONE+KADD

136 GO TO 105

137 5000 CONTINUE

138 C

139 C RESET THE PLOTTER ORIGIN AND EXIT

140 C

141 CALL PLOT(0490,9=3)

142 RETURN

143 END

NUMBER THE CONTOUR

q

-~ OO0

L% 20 S Sn o
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g

e

Iy v
3 0
. .

001 SUBROUTINE SHORE

002
g 003
3 004

005

0046

007

008

009

010

011 IMPLICIT REALX8 (A-H»0-2)

012 C

013 DIMENSION CONTURD(9),EM(6912)+5(614)

014 C

015 COMMON /GRDCOM/ CMAT(120+120), CURX(120+120)» CURY(120+120)»

016 1 CURR(120+120)y AX(4500)» AY(4500)

017 C

018 COMMON /PRTCOM/ HTsMXPLOTyNORsNPTsNAXsNSHyNCOsNCCrNXCMAT,

019 1 HMs NN¢ NNSKIP

020 C

021 COMMON /MAICOM/ ALFA»AMMsANNSCFsCINyCNVRSAyCONTURD,DATEL1»DATE2,
022 1 DCONsDELTATsDIRsDY»EM»GRIDYHGTZyAKRTOLyPROJCT
023 2 S+SDLTAT #NSK»s TT y NWBRK s NBRKUP » NFANy NFLAGR
024 3 NOLINEy IFLGyMOENFLECT » NFRACT y NRFLBUy NRFRBUyNROPT
025
026
027 C
028 PONT(X1+X2+D%+D2)=X1-D12((X1-X2)/(D1-D2))
029 IC=3
0390
031
032
033 DO ! J=1,NN

PURPOSE
THIS ROUTINE IS CALLED TO DRAW IN THE SHORELINE.
SUBROUTINES REQUIRED

PLOT CALCOMP ROUTINE TO MOVE THE PEN

O0O0OOO0 00

[y N ]

INLINE FUNCTION TO LINEARLY INTERPOLATE OVER 2 POINTS

SELECT Y-COLUMN

oo

's )
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034
035
036
037
038
039
040
041
042
043
044
045
044
047
048
049
050
051
052
033
054
055
056
057
058
0359
0460
061
062
0483
064
065
066
067
068
069
070
071
072
073
074
075
076
077
078
079
080
081
082
)83

ga

[

as

o0 0

OO0

OO0 0000

102

NOO O

204

201

207

Yd=J-1
JL=J-1
YL=JL-1
I=MM

SEARCH COLUMN FOR ZERQC WATER DEPTH STARTING WITH MAXIMUM X

DO 3 II=1+MHM

XI=1-1
IL=1I+1
XL=IL-1

FIND OURSELVES WITH RESPECT 70 THE SHORELINE
(CMAT < 0 => POINT IS ON LAND)

IF (CMAT(J»I)) 100,200,300
WE ARE ON LAND
IF (IC .6T7. 2) GO TO 102
INTERPOLATE FOR ZERQ WATER DEPTH

XP=PONT(XI» XL CHMAT(Jr1),CHAT(JrIL))
CALL PLOT(XP/DY»YJ/DY,IC)

I1C=2

GO 70 1

IF (J .LE. 1) GO TO 101
YP=PONT(YJ,YL,CHAT(Js»1),CHAT(JL,1))
CALL PLOT (0.0,YP/DY,»IC)

IC=2
XP=PONT(XIsXLsCHMAT(J»1),CHAT(JsIL))
CALL PLOT(XP/DY»YJ/DY,IC)

GO 70 1

WE ARE EXACTLY ON THE SHORELINE

IF (II NE., MM) GO 70 201
CALL PLOT(XI/DY»YJ/DY,»IC)
IF (IC .6T. 2) GO TO 204
1C=3

GO 70 1

IC=2

GO 70 1

IF (IC (LE. 2) GO TO 207
IF (J .LE. 1) GO TO 207
YP=PONT(YJs YL CHAT(Js1) ,CHAT(JL, 1))
CALL PLOT (0.0,YP/DYsIC)
IC=2

CALL PLOT(X1/DY,YJ/DY,IC)
[C=2

GO TO0 1
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088
089
090
091
092
093
094
095
096
097
098
099
100
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102
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001
002
003
004
005
006
007
008
009
010
011
012
013
014
015
016
017
018
019
020
021
022
023
024
025
024
027
028
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030
031
032

c
c
300

OO N

OO0O0OO0O00O000O00000000000 0
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WNE ARE STILL OFF SHORE+ KEEP LOOKING FOR LAND

IF (I JNE. MM) GO TO 2

IF ¢I€ 87, 2) 80 7O 1
YP=PONT(YJyYLsCHAT(Jr 1) »CHAT(IL, 1))
CALL PLOT (0.0,YP/DY,IC)
I1C=3
GO 70 1
I=1-1

CONTINUE

CONTINUE

RE~ORIGIN THE PLOTTER AND EXIT
CALL PLOT(04+0.9-3)

RETURN
END

SUBROUTINE RAYN(X»Y sAsNPLOTsNyMMAXLIvAY)

PURPOSE
THIS ROUTINE CONTROLS THE CALCULATIONS OF THE WAVE FACKET
PARTICULARS, MOST OF THE PRINTED OUTPUT, AND THE PLOTS OF THE
WNAVE PACKET PATHS.

SUBROUTINES REQUIRED

SURFCE ROUTINE TO COMPUTE RAY PARTICULARS

MOVE ROUTINE TO MOVE THE WAVE PACKET ALONG ITS PATH
HEIGHT ROUTINE TO COMPUTE THE WAVE HEIGHT

PCD ROUTINE TO COMPUTE SOME PERCENT DIFFERENCES
ANGCON ROUTINE TO CONVERT ANGLES FOR FRINTOUT

PAGCOL ROUTINE TO PRINT PAGE AND COLUMN HEADINGS
STORE ROUTINE TO STORE PATH COORDINATES

DRAW ROUTINE TO DRAW THE RAY PATH

IMPLICIT REAL2X8 (A-Hy0-2)

DIMENSION CONTURD(9)+EM(6912)15(616)
DIMENSION C(12)sCX(12)+CY(12)+sE(S)9EX(S)1EY(6)

COMMON /GRDCOM/ CMAT(120+120)s CURX(120+120)y CURY(120+120),
1 CURR(120+120)s AX(43500)y AY(4500)

COMMON /PRTCOM/ HTMXPLOT»NOR NPT yNAX+NSHyNCOsNCC 1 NXCHAT
1 MMy NN+ NNSKIP

COMMON /MAICOM/ ALFAyAMMyANNSCFsCINsCHVURSAYCUNTURDYDATEL»DATE2,
i DCONsDELTAT+DIR+DY+EMIGRIDIHGTZ yAKRTOL yPROJCTy
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NOLINE, IFLGyMOEsNFLECT »NFRALT »NRFLBUy NRFRBUs NROPT

COMMON /RAYCOM/ BRDZ»CsCXsCYsDyDELAYDEP»DGDXsDHDXyESEXIEY»GyGZERD,
HGTyAKFCyAKRsAKSyPOTyPREVIF14P29F3I»P49P5,Q0T Q1L
Q2,Q39Q4,35yPUy SYVyPREFPySPREVYGYZERD,
PALFAySVAUYPGIUs VU IHGT
NTOREF » INUMy MAXGs NUMT s NOREF

COMMON /SRFCOM/ NDyNC+,CCON»TTT»ARAYsGRsGT»SARAYPZyPZDy

CALFAYPCALFAYPARAY s PREVT s SPREVT YTy SVUTyASV)
2yZDyBZyKMAX s PXsPYsPTTT +PANGLE yPGRYPPCTDsPPCTCX
PPCTCYsPGT»SVBZySVBDZ s KNUMT s KRFLBU»KRFRBU»CDGDX>
UMX +AGR»PGAMy PBZyPBDZyPFKyPY,yPUT
SET INITIAL VALUES FOR TH1S RAY

NDP=1

NFK=1

NGO=1

KREST=0

KCIN=0

NOREF=0

BZ=1.D0

BDZ=0.,D0

IHGT=1

CALL SURFCE, MOVE, AND HEIGHT TO DETERMINE VALUES AT
THE FIRST RAY POINT

CALL SURFCE(XsY»A»FKsNFKsNDP» IWAVITsAV)
IH6T=0

SET INITIAL VALUES FOR THIS RAY

INUM=0
PALFA=ALFA
SVy=vy
PREV=SVV
SVUT=VT
GZERO=G
6TZERO=6T
TIME@=0.,

COMPUTE VALUES AT THE INITIAL RAY POINT

CALL MOVE(XsYsArFKsNGO'MITyNFKsNUPsAV,LI)
CALL HEIGHT(XsY+ArFKyNGO/MITsNFKsNDPsAV)
60 TO 140

CHECK FOR AX» AY ARRAY LIMITS EXCEEDED

MAXQ=1+MAXQ
IF (MAXQ+KCIN .LT. MMAX) GO TO 399

=
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ks 087 WRITE (67401)
pi " 088 60 TO 190

i V- 089 399 SAVEGR=GR

390 ¢
091 C DETERKINE NEXT RAY POINT
092 C
093 CALL MOVE(X»YrArFKsNGOsMIToNFKsNUPyAV,LI)
094 IF (NDP LEQ. &) GO TO 396
095 C
096 C RAY REACHED SHORE
097 C
098 402 WRITE (47403)
099 MAXQ=HAXD~1
100 50 TO 190
101 C
102 C CHECK RETURNED STATUS
103 C
104 396 GO TO (397,397,404s514+515+1900+516+528) 1HIT
105 ¢C
106 C PACKET CURVATURE ITERATION NOT CONVERGING
107 C
108 404 WRITE (4s405)
109 60 TO 571
110 C
o 015G A CAUSTIC OR FOCAL POINT ENCOUNTERED
WP 112 ¢
113 514 WRITE (45504)
114 60 T0 571
115 ¢
116 C THE WAVE BROKE
117 €
118 515 WRITE (6,505)
119 60 TO 571
120 C
121 € SOME SORT OF REFLECTION HANGUP ENCOUNTERED
122 ¢
123 S16 WRITE (6,517)
124 60 TO 571
125 ¢
126 C BREAKUP TIME STEP WAS LESS THAN 0.5 SECONDS
127 €
128 528 NRITE (65529)
129 S71 MAXQ=HAXQ-1
130 60 T0 190
131 ¢
132 C COMPUTE TRAVEL TIME ALONG THE RAY
133 ¢

134 397 TIMEQ=TIMEQ+(DIGRID/(1800.%(GR+SAVEGR)))
135 160 IF (ND .NE. 0) CALL PCD(C,»E»PCTD)

et e ‘.' 4

= 136 IF (NC .EQ. 0) GO TO 614
137 CALL PCD(CXsEXyPCTCX)
138 CALL PCD(CY,»EY»PCTCY)

139 614 IF (MAXQ ,EQ. 1 .OR., MOD(MAXQ,NSK) .EQ. 0) GO TO 3041

T, T T
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G0 TO 161
WRITE RAY PARTICULARS FOR SELECTED RAY POINTS

ANGLE=A

CALL ANGCON(ANGLEs»CNVRSA)

GAM=AV

CALL ANGCCN(GAMsCNVRSA)

ARAY1=ARAY

CALL ANGCON(ARAY1sCNVRSA)

DP=ZD

CALL ANGCON(ZDPsCNVRSA)

IF (MOD(NOLINE,sLI) .EQ., 0) CALL PAGCOL(NPLOT:N)
NOLINE=NOQLINE+1

WRITE (6+612) (MAXQsXsYsDEP+Z+ZDPsTTT»ARAYL)
1 ANGLE yGAM+GyGRyYHGT»AKS+»AKFC s AKR)

IF (NPT ,EQ. 0) GO TO 1641
ALFAP=ALFA/1.,74532925D-2
CALFAP=CALFA/1,74532925D-2

IF (MOD(NOLINEsLI) .EQ., 0) CALL PAGCOL(NFLOTsN)
NOL INE=NOLINE+1

WRITE(4y415) ALFAPsPCTDsCALFAPsPCTCXsPCTCY»GTy

1 UsVyVUT»BZyBDZyNUKTFK

IF (NUMT .LE, 1) GO TO 161
IF (NRFLBU .EQ. 0) GO TO 616
WRITE(6+617)

IF (NRFRBU .EQ. 0) GO TO 161
WRITE(6+618)

SAVE PRINTOUT VALUES

KRFLBU=NRFLBU
KRFRBU=NRFRBU
NRFLBU=0
NRFRBU=0
KMAX=HAXQ
PX=X

PY=Y

PDEP=DEP

PZ=7

PZD=ZD
PTTT=TTT
PARAY=ARAY
PANGLE=A
PGAN=AY
PGR=GR

PG=6

PHGT=HGT
PKS=AKS
PKFC=AKFC
PKR=AKR
PALFA=ALFA

IF (NPT ,EQ. 0) GO TO 613

------

!
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PPCTD=FCTD
PCALFA=CALFA
PPCTCX=PCTCX
PPCTCY=PCTCY
PGT=GT

PU=U

PY=y

PUT=UT
PBZ=BZ
PBDZ=BDZ
KNUNT=NUKT
PFK=FK

STORE THE CURRENT RAY POSITION FOR LATER PLOTTING

CALL STORE(XsYsAsKMAX» TIMEQ)KCINYKREST)
IF (MIT .EQ. 1) GO TO 10
IF (MOD(NOLINEsLI) .EQ. 0) CALL PAGCOL(NPLOTIN)
NOLINE=NOLINE+t
PACKET CURVATURE WAS AVERAGED
WRITE (6,9) MAXQ
IF (MAXQ@ .6T. 1) GO TO 13
60 T0 (3,402)sNDP
IF (NGO .EQ. 1) GO TO 3
RAY REACHED GRID BOUNDRY
WRITE (6+407)
IF (MAXQ LE. 1 .OR. MOD(MAXQsNSK) EQ. 0) GO TO 1900
WRITE RAY PARTICULARS FOR THE LAST POINT
CALL ANGCON (PANGLE)CNVRSA)
CALL ANGCON (PGAMsCNVRSA)
CALL ANGCON (PARAYs»CNVRSA)
CALL ANGCON (PZD,CNVRSA)
IF (MOD(NOLINE,LI) EQ. 0) CALL PAGCOL(NPLOT,N)
NOL INE=NOLINE+1
WRITE (62612) KMAXIPXsPYsPDEPIPZyPZDsPTTTPARAY»PANGLE »PAMIPG)
i PGR/)PHGT »PKSy»PKFCsPKR

IF (NPT .EQ. 0) GO TO 1900
PALFA=PALFA/1,74532925D-2
PCALFA=PCALFA/1.74532925D-2

IF (MOD(NOLINE,LI) .EQ. 0) CALL PAGCOL(NPLOT»N)
WRITE(45615) (PALFAsPPCTD/IPCALFAYPPCTCXy»PPCTCYsPGT)
1 PU»PVsPVUT,PBZ)PBDZ)KNUNTPFK)

IF (KNUMT .LE. 1) GO TO 1900

IF (KRFLBU .EQ. 0) GO TO 419

WRITE(6+9617)

IF (KRFRBU .EQ. 0) GO TO 1900

WRITE(6+618)
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DRAW THE RAY PATH

CALL DRAW(NsKMAX»KCINsKREST)

RETURN

FORMAT (80X, 3SHDIMENSION OF QUTPUT-ARRAYS EXCEEDED)

FORMAT(80Xs 17HRAY REACHED SHORE)

FORMAT(80X»41HPACKET CURVATURE ITERATION MOT CONVERGING)

FORMAT(80X»22HCAUSTIC OR FOCAL POINT)

FORMAT (80X»11HWAVE BREAKS)

FORMAT (80X, 18HREFLECTION HANG-UP)

FORMAT (80Xy 3BHBREAKUP TIME STEP LESS THAN 0.5 SECOND)

FORMAT(1XsI15+»2FB+2+2(F942:F9.4),3F842:,2F7.2,4F9.4)

FORMAT(2X»O0PF9.2,F8.2+0PF9.2y2F6:2+4F7.2,F8.4»1X»1PE10,3+9X» ISy
1X»1PE10.3)

FORMAT(1H+,»93X» 7HREFLECT)

FORMAT(1H+» 96X+ 4HBETA)

FORMAT (B0X»4HMAX=»14,27Hs PACKET CURVATURE AVERAGED)

FORMAT(80X»25HRAY REACHED GRID BOUNDARY)

END

I

h -
SUBROUTINE ANGCON(ANGrCNVRSA)

PURPOSE

THIS ROUTINE DEFINES ANGLES WITH RESPECT TO TRUE NORTH
AND PLACES THEM IN THE RANGE 0 Y0 340 DEGREES FOR PRIRTOUT.

SUBROUTINES REQUIRED
NONE
IMPLICIT REAL$8 (A-H,0-2)
CONVERT THE ANGLE

ANG=ANG/1.74532925D-2
ANG=CNVRSA-ANG+180.D0

FORCE IT INTO 0 -> 340 DEGREES

IF (ANG .GE. 0.D0) GO TO S50
ANG=ANG+360.30

G0 TO Si

IF (ANG .LT. 360.D0) GO TO 52
ANG=ANG-360.D0

60 TO S0

THEN EXIT

RETURN
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END

SUBROUTINE PAGCOL (NPLOTN)
PURPOSE

THIS ROUTINE PRINTS THE PAGE AND COLUMN HEADINGS AT THE
TOP OF A NEW FAGE.

SUBROUTINES REQUIRED
NONE
IMPLICIT REALX¥8 (A-H»0-2)

DIMENSION CONTURD(9)sEM(6512)95(696)5C(12)+CX(12)»CY(12)
DIMENSION E(8)+EX(S)EY(4)

COMMON /PRTCOM/ HT+MXPLOT»NORINPT»NAXsNSHyNCOsNCCyNXCHMAT,
MM NN NNSKIP
COMMON /MAICOM/ ALFAsAMM)ANNYCFICINICNURSAy CONTURDYDATEL»DATE2,
DCONs»DELTAT»DIRIDY+EMsGRIDIHGTZ+»AKRTOL »PROJCT »
SySDLTAT»NSK»TT»NWBRK»NBRKUP » NFANs NFLAGR)
NOLINE,» IFLGyMOE sNFLECTsNFRACTyNRFLBU»NRFRBU» NROPT
COMMON /RAYCOM/ BDZ»C+CXsCYsDsDELA»DEP»DGDX+sDHDXH»ESEXH»EYsGr»GZERD)
HGT » AKFC» AKRyAKSsPOT»PREVP1+P2,P3»P4,P5»Q0T Q1
Q2,Q3,Q4,Q05,PUsSVV»PDEPSPREVGTZERD,
PALFAsSVAVIPGsUs» Vs IHGT,
NTOREF » INUMs MAXQ s NUMT » NOREF

WRITE OUT THE HEADINGS
WRITE (6+7) (PROJCT»DATE1+DATE2,NPLOT»TTyN»DELTATCFsAKRTOL)
CHECK FOR SECOND LINE OF PAGE HEADINGS
IF (MAXQ@ «NE, 1) GO TO 4353
CHECK FOR METRIC <--> ENGLISH UNITS
IF (MOE .NE. 0) GO TO 445
WRITE (6:470)
GO TO 453
WRITE (6+471)
PRINT OUT COLUMN HEADINGS
WRITE (6+150)

CHECK FOR USER-REQUESTED EXPANDED PRINTOUT




IF (NPT .EQ. 0) GO TO 140

WRITE(6+155) LMK
c
c DOUBLE SPACE THEN EXIT
c
160 WRITE (4+9145)
RETURN
c
G FORMAT SECTION
C
7 FORMAT (1H1,12HPROJECT NO. AR89 1H»92X92A8s 1Hy 9 5Xs8HPLET NOW» I3y
1 1Hy 91Xy 7HPERIOD=sFS+194HSEC.»1Hy»»1X»7HRAY NO.»I391Hy»
2 1Xy 7ZHDELTAT=9F84291Hy 91Xy IJHCF=9FB.891Hy 21X
3 SHKRTOL=9FB.6y//)

150 FORMAT (1X»3HMAX»2X9»1HX»7Xs1HY»7X+SHDEPTH»4X)
i SHCURSSP»IX9»6HCURIDI»3X»SHPERIOD» 3IX
2 JHRAY »5X s 4HPACK 14Xy AHWAVE y4Xy» 1HG» 86Xy 2HGRy SX 9 3HHGT » 6 X 2HKS» 7%y
3 2HKF » 7X » 2HKR)
155 FORMAT (2X»7HROTAT!Dy2XsSHPCT DBy 3IXs7HROTAT Cr2Xs
1 SGHPCT :CX92X» SHPCTICY 12X s 2HGT »SX» 1HUs 86Xy 1HV,
2 56Xy 2HVYT »SX»4HBETA»4X»8HDBBETA/DT»3Xy
3 4HBRK UP»3X» 2HND» 3Xy FHCURVATURE)
1635 FORMAT (1HO)
470 FORMAT(1XsSIHTHE QUTPUT IS IN ENGLISH UNITS. DEPTH.HGT(FEET).
i 28HGYGRyGTsUsVyUT(FEET/SECOND) v/ /) 4
471 FORMAT(1X»SIHTHE OUTPUT IS IN METRIC UNITS. DEPTHsHGT(METER). g
1 29HGYGRyGTsUs Vs YT(METER/SECOND) 4 »//)
END

SUBROUTINE MOVE(XsY»AsFKyNGO)MITyNFKsNBP,AV,LI)

c
c PURPQSE
c
c THIS SUBROUTINE COMPUTES THE PATH OF THE WAVE PACKET. TESTS
c ARE MADE TO LOCATE A REFLECTION POINT AND» IF DESIRED» THE
c RAY PATH IS CONTINUED BEYOND THE REFLECTION PUOINT.
c
c SUBROUTINES REQUIRED
c
c SURFCE ROUTINE TO COMPUTE WAVE PARTICULARS
c ANGCON ROUTINE TO CONVERT ANGLES FOR PRINTOUT
c PAGCOL ROUTINE TO PRINT PAGE AND COLUMN HEADINGS
c HEIGHT ROUTINE TO CUMPUTE WAVE HEIGHT
c
IMPLICIT REALX8 (A-H,0-2) N
c
DIMENSION CONTURD(9)sEM(6112)98(616)
DIMENSION C(12),CX(12)sCY(12)9E(S)9EX(8)9EY(S)
c

COMMON /GRDCOM/ CMAT(120,120)y CURX(120+120)» CURY(120,120),
1 CURR(1209120)s» AX(4500)y AY(4500)
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COMMON /PRTCOM/ HTsMXPLOT)NORsNPTINAXsNSHYNCOsNCCHNXCMAT
MM NN NNSKIP

1
COMMON /MAICOM/ ALFA)AMMsANN»CFCINsCNURSAYCONTURDDATEL»DATE2,

O 7 NS e G4 P+

N

QCONYDELTATYDIRYDY »EMyGRIDYHGTZ yAKRTOLyPROJCT
SySDLTATINSKy TTyNWBRKyNBRKUP s NFAN Y NFLAGR »
NOLINEs IFLGYMOEINFLECTyNFRACT »NRFLBU»NRFRRUYNROPT
COMMON /RAYCOM/ BDZsCsCXyCYsDsDELAYDEP»DGDXsDHDX»EYEXHEY »G+yGZERDY
HGT s AKFCyAKR1AKS»POT»PREVP1yP29yF39P4»PSyQR0T AL
R2+23,Q4,Q5)PU»SVV,PDEP»SPREVYGTZERD
PALFAYSVAV,PGYUIVy IHGT
NTOREF » INUMy HAXQs» NUMT » NOREF
COMMON /SRFCOM/ NDyNC,CCON+TTT+ARAY»GR+GT+»SARAY»PZyPZDy
CALFAYPCALFAYPARAY»PREVT »SPREVT »UT»SVUT1ASY)
212Dy BZyKMAX s PXsPY»PTTTyPANGLE»PGRyPPCTDyPFCTCX
PPCTCYsPGT»SVBZySVBDZ»KNUMT»KRFLBU»KRFRBUYCDGDX,
UMXsAGRyPGAMIPBZyPBDZyPFKsPVIPVUT

INITIALIZE QUANTITIES
ARV=AV

INAVIT=1
IF (ND .EQ. ! JAND, NC .EQ@. 1) IWAVIT=0

" NUMT=1

MIT=1
NOREF=0

SAVE VALUES IN CASE OF BREAKUP OF TIME STEP INTEVAL

SVGR=GR

SVBT=GT

SVa=4

SVAAV=AAY

SVTTT=TTT

SVX=X

SvY=Y

IF (MAXQ +NE. 2) GO TO 3033
SVFKB=FK

60 TO 203

SVFKB=FKBAR

SAVFK=FK

IF (MAXQ-2) 38,102,811

102 FKBAR=FK

AOOOO0OOOO0O00O0

1302230022022 0 000002020000 00802]
1222200020022 00 0202002022020 222]

t § 4 £ 3 4
83 BEGIN ITERATION SEGMENT 2%
£} 4 L 2

P00 PP 2200000020000 02228200 008481
1222220200000 000 000000ttt

ITERATE TO FIND VALUES FOR THE NEXT POINT

prm——




- 076 81 DO 20 IT=1,50
= 077 C
[Cl 078 C COMPUTE THE INCREMENTAL DISTANCE TO THE NEXT RAY POINT
Fo 079 C
i 080 D=(GREDELTAT)/GRID
! 081 39 DELA=FKBARXD
S 082 AA=A+DELA
B 083 ABAR=A+C . S3DELA
lli 084 IF (NC .EQ@. 1 .OR. DABS(Z) .GT. 1.D-6) GU TO 206
o 085 C
3 086 C COMPUTE COMPONENT INCREMENTAL DISTANCES WHEN THERE IS
o 087 C NO CURRENT
t.::‘ 088 C
L.‘ 089 DELX=DXDCOS(ABAR)
i 090 DELY=DXDSIN(ABAR)
k 091 ARAY=AA
. 092 60 TO0 75
: 093 C
k:d 094 C COMPUTE INCREMENTAL DISTANCES WHEN THERE IS A CURRENT
095 C
E-- 096 206 - DELX=(G¥DCOS(ABAR) +Z¥DCOS(ZD))*DELTAT/GRID
i 097 DELY=(GSDSIN(ABAR) +ZXDSIN(ZD))*DELTAT/GRID
n 098 ARAY=DATAN2(DELY»DELX)
- 099 C
- 100 C DETERMINE THE LOCATION OF THE NEXT POINT ) .
101 C s
' 102 75 XX=X+DELX
i 103 YY=Y+DELY
: 104 CALL SURFCE(XXsYYsAAsFKKsNFKsNDPs INAVIT 1AAV)
1 105 AVP=AAV-ALFA
106 IF (NTOREF .EQ., 0) GO TO 86
107 C
108 € REFLECTION HAS BEEN DETERMINED ON THE BASIS OF SNELL’S
109 C LAW WITH PHASE VELOCITY
110 C
111 NREF=1
112 60 TO 13
113 C
114 C DETERMINE IF THE PHASE SPEED IS INCREASING OR DECREASING
118 C
116 86 DUD=SVV/PREV
117 GO TO (101+6+38+38+38,38,38,38),MIT
118 101 IF (NDP .EQ., 2) GO TO 38
iy 119 FKBAR=0,SE(FK+FKK)
5 120 IF (IT .NE. 49) GO TO 88
;4 121 SUFK=FKBAR
oy 122 88 IF (1T-48) 5+37,9
) 123 37 FKXPP=FKBAR
124 5 IF (MAXQ 6T, 2) 60 TO ¢
125 IF (IT ,LE., 1) GO TO 21 -
126 C
127 ¢ TEST FOR CONVERGENCE OF THE RAY CURVATURE CALCULATIONS
128 C

..
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IF (DABS(FKKP-FKBAR) .LE. 0.00009D0/D .AND.

1 IWAVIT .EQ. 1 ) GO TO 6
FKXP = FXBAR

CONTINUE

IXITLLIITIXLLLLLLALLLIILLLLLL
FEXXLILXLLIIXILIXLLLXIILRLLILXL

b $ 4 b $ 4
$x END ITERATION SEGHKENT xx
1z b3

EP PP 2020002000082 08002 908824
1332035022202 80332 0202300253281

DETERMINE IF THE RAY CURVATURE IS CONVERGING TO TW(O VALUES

IF (DABS(FKKPP-FKBAR) +LE., 0.00009D0/D .AND. IWAVIT .EQ. 1)
1 GO TO 18
IF (ND .EQ, 0) GO TO 161

DETERKINE IF CONVERGENCE FAILED DUE TO A REFLECTION POINT

IF (DUD .G6T., 1,0 .AND. DABS(DTAN(AVP)) .GT., 5.6712818D0) GO 70 91
KiT=3
G0 TO 38

REFLECTION IS ASSUMED IF THE PHASE SPEED IS INCREASING AND
THE WAVELET DIRECTION IS WITHIN 10 DEGREES OF BEING PARALLEL
TO THE WATER DEPTH CONTOUR

NREF=2

60 TO 13
FKBAR=.35X(FKBAR+SVFK)
MIT=2

G0 10 39

IF (ND .EQ. 0) GO TO 92

CHECK TO SEE IF WE ARE TOO CLOSE TD A REFLECTIUN POINT

IF (DUD .LE. 1.0 .OR.
1 DABS(DTAN(AVP)) .LE. 114.,588650D0 .OR.
2 DABS(DTAN(A-ALFA)) .GE. 3.7320508D0) GO 7O 92

REFLECTION IS ASSUMED IF THE PHASE SPEED IS INCREASING»
THE WAVELET DIRECTION IS WITHIN 0.5 DEGREES OF BEING
PARALLEL TO THE WATER DEPTH CONTOUR, AND THE WAVE PACKET
DIRECTION IS WITHIN 75 DEGREES OF BEING PERPENDICULAR TO
THE WATER DEPTH CONTOUR

NREF =3

FELLXEXLLIXAXXILIILIIIIILILTIIRLLLX
1322380053803 00033000805200252 021
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12 BEGIN REFLECTION SEGMENT x%x
b x
1282222020000 2022 2283222030203
pEP 2323020002002 0020022252205 8% 8]

NOREF=NOREF+1

TEST FOR REFLECTION HANG-UP

IF (NOREF .LT. 2) GO TO 30S
MORE THAN ONE REFLECTION HAS OCCURED AT THE SAME POINT

HIT=7
GO TO 38

RECOVER SAVED VALUES FOR PREVIOUS POINT AND SET QUANTITIES

DELTAT=SDLTAT
A=PANGLE
ASV=4
SVAV=PGAHN
ALFA=PALFA
X=PX

Y=PY

NUKXT=1

IFLG=0

INUN=0
NBRKUP=0
NFLECT=0
NRFLBU=0
NFRACT=0
NRFRBU=0

IF (MAXQ@ .LE. 1 ,OR, MOD(MAXQsNSK) .EG. 0) GO TO 1900

RAY PARTICULARS NEED TO BE WRITTEN FOR THE REFLECTION FOINT

CALL ANGCON (PANGLE»CNVRSA)
CALL ANGCON (PGAM»CNVRSA)
CALL ANGCON (PARAY)»CNVRSA)
CALL ANGCON (PZDy»CNVURSA)
IF (MOD(NOLINEsLI) .EQ. 0) CALL PAGCOL(NPLOT»N)
NOLINE=NOLINE+1
WRITE (61612) KMAXsPXIPYIPDEPIPZsPIZDyPTTTy
PARAY »PANGLE »PGAMPGyPGRYHGT » AKS+» AKFC» AKR
IF (NPT .EQ, 0) GO TO 1900
WALFA=PALFA/1.74532925D~-2
WCALFA=PCALFA/1.,74532925D~-2
IF (MOD(NOLINE,LI) .EQ., 0) CALL PAGCOL (NPLOTN)
NOLINE=NOLINE+1
WRITE(4v61S) "WALFAyPPCTDyNCALFAYPPCTCX»PPCTCY»PGT»
PUyPVyPUTsPRZyPBBZyKNUMT »PFK
IF (KNUMT .LE. 1) GO TO 1900
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K 87
b 235 IF (KRFLBU .EQ. 0) GO TO 419
i .. 236 WRITE(6+617)
Ij W& 237 519 IF (KRFRBU .EQ. 0) GO TO 1500
F s 233 WRITE(5,5418)
? 239 1900 IF (MOD(NOLINE,LI) +,2Q, 0) CALL PAGCOL(NPLOTsN)
3 240 C
E: 241 WRITE QUT TYPE OF REFLECTION
242 C
i 243 3044 GO TO (97+,98y99)»NREF
. 244 97 WRITE (69152) (KMAX)
245 60 TO 300
- 244 98 WRITE (49153) (KMAX)
- 247 60 TQO 300
a 248 99 WRITE (6+154) (KMAX)
& 249 300 NOLINE=NOLINE+1
- 250 14 IF (NROPT .NE. 0) GO TO 301
. 230 €
252 C RAY IS NOT CONTINUED
253 C
254 KIT=6
255 60 70 38
258 301 NTOREF=0
257 C
258 C COMPUTE REFLECTION ANGLES
Lon sl (B
qi’ 260 SVAV=2,3ALFA-SVAV+$+3.1415924654D0 1
261 A=2 ,3ALFA-A+3.141592454D0
262 ARAY=2,2ALFA~-ARAY+3.141592654D0
L 263 AV=SVAY
5 264 AAV=SVAY
- 245 IHGT=1
'i 266 CALL SURFCE(Xs»YsAsFKsNFKsNDP s IWAVIT»SVAV,CHATsCURXCURY»AXsAY)
] 267 IHGT=0
» 268 C
} 269 C SET QUANTITIES FOR REFLECTION POINT
L 270 C
. 271 Syv=y
272 PREV=SVV
273 SVUT=VT
274 BDZ=-BDZ
275 PATI=POT
274 QATI=Q0T
277 NFLAGR=1
278 60 TO 102
279 C
280 C 1292223223232 223320808222828829
281 C XXX XL XL XXX XL XLXLL LI L XX
282 C 2 $ 4 b $ 4
283 C $2 END REFLECTION SEGMENT xx
T 284 C 13 13
k 285 C 1323083383233 2223022202828028% %4
286 C 129088338038 32323228893232822%%%
287 C
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£ 288 C DETERMINE IF POINT 1S TOO CLOSE TO A GRID BOUNDARY
289 C
290 92 IF ((XX=1.,5)%((AMM=1.,5)-XX) .GE. 0.0 .AND, —
291 1 (fY=-1.5)2((ANN=1,5)-YY) .GE, 0.0) GO TO 309
292 NGO=2
293 €
294 C UFDATE QUANTITIES AND SAVE VALUES IN CASE OF BREAKUP OF THE
295 C TIME STEP INTERVAL
296 C
297 309  XS=XX
5 298 YS=YY
X 299 SVAV=AAY
A 300 IF (ND .EQ. 1 .AND., NC .EQ., 1) INAVIT=0
k 301 ASV=A
. 302 SPREV=PREV
- 303 PREV=SWY
X 304 suy=y
- 305 SPREVT=PREVT
- 306 PREVT=SVYT
307 SUT=yT
309 AAA= . SX(AA+A)
310 A=AA
311 AAAV=, SE(AAVEAY)
312 AV=AAY
313 FK=FKK -
314 IF (NFLECT .EQ. 1) GO TO 40
315 C
316 C COMPUTE P AND Q FOR THE INVERMEDIATE POINTS
317 ¢C
318 XX=X+(1,0D0/3,0D0)SDELXE(DABS(DCOS(AAA)))
319 YY=Y+(1.,0D0/3.,0D0)SDELYX(DABS(DSIN(AAA)))
320 IHGT=1
321 CALL SURFCE(XXsYYsAAAsFKKsNFKsNDPy INAVIT)ARAV)
322 P1=POT
323 ai1=q@oT
324 XX=X4+.48DELXX (DABS(DCOS(AAA)))
328 YY=Y+,42DELYE(DABS(DSIN(AAA)))
326 CALL SURFCE(XXsYYsAAAsFKKsNFKsINDP»INAVIT,ARAY)
327 P2=POT
328 @2=a0T
329 XX=X+,45573725DOXDELXX(DABS(DCOS(AAA)))
330 YY=Y+,45573725DOKDELYX(DABS(DSIN(AAA)))
331 CALL SURFCE(XXyYYrARAFKK»NFKsNDP»IWAVIT»ARAY)
332 P3=POT
333 @3=00T
334 XX=X+(2,D0/3,D0) SDELX$(DABS(DCOS (AAA)))
335 YY=Y4(2,D00/3.D0)XDELYX(DABS(DSIN(ARA)))
336 CALL SURFCE(XXsYYsAAAIFKKsNFKsNDPy INAVIT,AAAY)
337 P4=pPOT
338 24=Q0T ‘
339 XX=X4,8%DELXX(DABS(DCOS(AAA)))

340 YY=Y+.,8%DELYX(DABS(DSIN(AAA)))
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flnd 89
e
& 341 CALL SURFCE(XX»YY,AAAsFKKsNFK»NDF ) INAVIT)ARAY)
[ L 342 PS=POT
@ - 343 25=007
55 44 CALL SURFCE (XS»YSyAAsFKK)NFK/NDPy INAVIT,AAY)
s 345 THGT=0
» 346 40 X=XS
% 347 Y=Ys
- 348 CALL HEIGHT(X/YsA»FX, NGOy HIT NFK,NDPAV)
349 IF (NBRKUP .ER. 0) GO TO 38
350 C
351 C RECOVER SAVED VALUES BECAUSE OF THE BREAKUF OF THE TIME
352 C STEP INTERVAL
353 ¢
354 IF (IFLG .NE. 0) GO TO 203
35S GR=SVGR
356 6T=SVGT
357 SUV=PREV
358 PREV=SPREV
159 SVT=PREVT
360 PREVT=SPREVT
361 A=SVA
362 AAV=SVAAY
363 AV=SVAAY
364 SVAV=SVARY
. 365 IF (MAXQ .NE. 2) GO TO 311
e 366 FK=SYFKB
367 60 TO 312
368 311  FKBAR=SVFKB
369 FK=SAVFK
370 312 TTT=SVITT
371 X=SVX
372 Y=5uY
373 60 70 203
374 38 RETURN
375 C
376 C FORMAT SECTION
377 ¢
378 152 FORMAT(1X,SHMAX =114 1H»15Xs
379 1 AJHREFLECTION: SNELLS LAW WITH PHASE VELOCITY)
380 153  FORMAT(1X,»SHMAX =714 1H»s5X,13HREFLECTION:
381 1 A1HPACKET CURVATURE ITERATIOM NOT CONVERGING)

382 154 FORMAT(1XySHMAX =yI14s1Hy»SX»J4HREFLECTION: NEAR REFLECTION POINT)
383 612 FORMAT (1XsI5y2F8.292(F9.2+sF9.4)93F84+2+2F7.2+4F9.4)

384 615 FORMAT(2X»O0PF9.2sFB.2+10PF9.292FB,214F7,2yFB.491Xs1PEL10.399Xs ISy
385 1 1Xs1PEL10.D)

386 617 FORMAT(1H+,93X,7HREFLECT)

387 618  FORMAT(1H+s 98X 4HBETR)

R1:1:) END

F’ 001 SUBROUTINE HEIGHT(XsYsAsFKsNGOsMIT)NFKsNDPsAV)
X 002 C
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e 90
003 C PURPOSE
004 C
005 C THIS ROUTINE COMPUTES THE WAVE HEIGHT. IF NECESSARY,
206 C THE TIME STEP IS SUCCESSIVELY HALVED TO MAINTAIN THE DESIRED
007 C ACCURACY IN COMPUTING THE REFRACTION COEFFICIENTy UR THE
008 C RAY PATH NEAR A REFLECTION POINT.
009 C
019 C SUBRQUTIMES REQUIRED
011 C

F 012 C NONE

o 013 C

g 014 IMPLICIT REALXS (A-H,0-2)
015 C ' :
016 DIMENSION CONTURD(9)sEM(6112)9S(6+6)
017 DIMENSION C(12)sCXC(12)9CY(12)E(8)1EX(S)EY(4)
018 C
019 COMMON /MAICOM/ ALFA»AMMIANNsCFsCINsCNVRSAyCONTURDYDATEL»DATEZ,
020 1 DCONyDELTAT»DIR»DY»EM»GR1IDYHGTZ+AKRTOLyPROJCT
021 2 SySDLTATINSKs TTy NWBRK s NBRKUP s NFANy NFLAGR
022 3 NOLINE,»IFLGyMOEsNFLECTyNFRACT NRFLBUYNRFRBUsNROPT
023 COMMON /RAYCOM/ BDZsCsCXsCY+DsDELAYDEFsDGDXsDHDXYEIEXIEVGyGZERD
024 1 HGTyAKFCsAKR 1 AKS s FOT»PREVIF1FP2yP3+P4A»FS»QOTHQRL
025 2 Q2,Q83+Q4+Q@5,PUISVVFPDEFP»SPREVIGTZERDY
026 3 PALFAYSVAVPGyUr Vs IHGT,
027 4 NTOREF » INUM,MAXQs NUKMT » NOREF

028 COMMON /SRFCOM/ NDsNC,CCON,TTT»ARAY,»GR,GT»SARAY»PZ,PZDy

029 1 CALFA'PCALFAsPARAY »PREVTSPREVT»VUTySVUT»ASY,

030 2 21ZDyBZyKHAXsPXsPYsPTTT+PANGLE»PGRPPCTDYPPCTCX,
031 3 PPCTCY+PGTsSVBZySVBDZyKNUMT KRFLBUsKRFRBU»CDGDX>»
032 4 UMXsAGR+PGAMs PBZyPBDZsPFKsPVyPVUT

033 C

034 I1F (MAXQ .,GT, 1) GO TO 2

035 C

036 C COMPUTE OR SET QUANTITIES

037 C

038 PATI=POT

039 QATI=00T

040 BZTOL=AKRTOL 232

041 AP@=1,D-12

042 IBDZ=0

043 AKF=1,D0

044 AKR=1,00

045 AKS=1,D0

046 HGT=HGTZXAKSXAKF £AKR

047 AKFC=AKF

048 FRICTC=26.318945D0/AGR

049 60 TO 38

050 C

051 C COMPUTE SHOALING CQEFFICIENT

052 C S
053 2 AKS=DSAQRT(DABS(GTZERO/GT)) -
054 C

055 C COMPUTE FRICTION COEFFICIENT

I N L e T T T I 0 W WU (U, W C PR L. T ) A*
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056 C
0S?

0E9
069
061 35
062
063

- 064

c
065 C
0,

066
067
068
069
070
071
072
073
074
075
076
077
078
079 207

. 080

(o o081
082
083
084
085
0846
087
088
089
090
091
092
093 201
094
095
096
097
098

QOO O0O0O00n OO0

o000

o 099

100

101

102

103 20S
104 C
105 C
106 C
107 33
108 30

*

91

SKH=6,283185308DOXDEF/(VXTTT)

IF (NFK JE@. 2) GO TO 35

AKF = 1.030

30 T0 36

AKF=1,/(AKFCXFRICTCXCFXHGTZXDXGRID/ ((TTTXX3)XRGTZERD) X
1 (2,3AKS/(DEXP(SKH)=-BEXF(~SKH)))%Xx3+1,)
AKFC=AKFTYAKF

SAVE VALUES IN CASE OF THE BREAKUP OF THE TIME STEP INTERVAL

SBZ=BZ
SBDZ=BDZ

SET NROPT TO ZERO SO THAT A RAY IS NOT CONTINUED BEYOND A

SECOND REFLECTION FOINT

IF (NFLAGR .NE. 0) NROPT=0

IF (NFK .EQ. 1) GO TO 30

IF (NFRACT .NE. 0) GO TO 33

IF (NFLECT .EQ. 0) GO TO 207

IF (NROFT ,EG, O ,AND. NFLAGR .EQ., 0) GO 7O 33

GO 70 202

IF (DABS(DTAN(AV-ALFA)) .LE. S.671282D0 .OR.
1 DABS(DTAN(A~ALFA)) .GE., 3.7320508D0) GO TU 201

IF THE WAVELET DIRECTION IS WITHIN 10 DEGREES OF REING
PARALLEL TO THE WATER DEPTH CONTOUR AND THE WAVE PACKET
DIRECTION IS WITHIN 75 DEGREES OF BEING PERPENDICULAR TO
THE WATER DEPTH CONTOURs THE RAY IS ASSUMED TO BE NEAR

A REFLECTION POINT

NFLECT=1

NRFLBU=1

IF (NROPT .EQ. O .AND. NFLAGR .EQ. 0) GO TO 33
IF (NFLAGR .NE. 0) IBDZ=1

GO TO 202

IF (IBDZ .EQ. 0) GO TO 33

IBDZ=0

COMPUTE D(BETA)/DT ANALYTICALLY TO START THE RUNGE KUTTA
CALCULATIONS AFTER THE REFLECTION POINT

BDZ=-(BZYDSIN(A-ALFA)RDTAN(A-ALFA)RDGDBX/GRID)
IF (NC .EQ. 0) GO TO 205
BDZC=-(BZSDSIN(A-CALFA) XDTAN(A-CALFA)X((CDGDX+UMX)/GRID))

BDZ=BDZ+BDZC
$BDZ=BDZ

DETERMINE IF THE WATER DEFTH IS NEARLY CONSTANT

IF (DABS(DHDX/GRID) .GT. .00001D0O) GO TO 32
IF (DABS(Z) .GT. 1.D-6) GO TO 32

.
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92
€
c IN DEEP WATER OR WATER OF CONSTANT DEFTH, IF THERE IS NO
c CURRENT BETA DOES NOT CHANGE e’ |
€
£32=0.20

EBDZ=0.D0

GO TO0 71
c
€ DETERMINE IF P OR Q VALUES ARE NOT ZERO
¢
32 IF (DABS(PATI) .GT. APQ .AND. DABS(F3) .B8T. AFQ

1 +AND. DABS(FOT) .GT. APQ) GO TO 320

IF (DABS(QATI) .GT. APQ .AND. DABS(Q3) .GT. APQ

1 +AND. DABS(QOT) .GT. APQ) GO TO 320

G0 TO 71 .
&
€ COMPUTE BETA AND D(BETA)/DT USING THE RUNGE KUTTA METHOD
e
320 AK1=DELTATSBDZ

AL1=-DELTATX(FATIXRDZ+QATIXBZ)

AK2=DELTATX(BDZ+.42AL1)
AL2=-DELTATX(P2X(BDZ+0.4%AL1)+Q2%(BZ+0.4%AK1))
AK3=DELTATX(BDZ+2,96977461D-12AL1+1.387S%640-1%AL2)
AL3=-DELTATX(P3X(BDZ+2.9697761D-1%2AL1+1.,5875964D0-1%AL2)+Q3X(BZ+
1 2:.9697761D-12AK1+1.5875964D-12AK2))
AK4=DELTATX(BDZ+2.,1810040D-12AL1-3,05096516D02AL2+3.83286476D0

1 2AL3)
AL4=-DELTAT2(POT2(BDZ+2.,1810040D-12AL1-3.05096516D0%AL2
1 +3,83286478D0%AL3)
2 +Q0T¥(BZ+2.1810040D-12AK1-3,05096514D0%AK2+3.83284476DN0%AK3))

AKS=DELTATZ(BDZ+AL1/3.)
ALS=-DELTATX(P12(BDZ+AL1/3.)+Q1%(BZ+AK1/34))

AK6=DELTATX(BDZ+(46,3ALS5+4.2AL1)/25.)
AL6=-DELTATZ(P22(BDZ+(46.XALS+4.2AL1)/25,)+Q2%(BZ+ (6. FAKS+4,XAKL)

1 /254))

AK7=DELTATZ(BDZ+(1S,.2AL6-12,.2ALStALL)/74,)
AL7=-DELTATX(POTX(BDZ+(15.2AL6-12.2ALS+AL1)/4.)+QUT2(BZ+(15.2AKo
1 -12,2AKS5+AK1) /4. ))
AK8=DELTATZ(BDZ+(8,2AL7-50,3AL6+90.XALS+6.XALL) /81 4)
AL8=-DELTATX(PAX(BDZ+(8.,XAL7-50.XALS6+90.XALS+6.%AL1)/81,)+042(RZ+
1 (8,2AK7-50.3AK6+90,.2AKS+56.2AK1) /B14))
AK9=DELTATX(BDZ+(8.XAL7+10.2AL6+36.2AL5+6.2ALL)/75,)
AL?=-DELTATX(PSE(BDZ+(8+2AL7+10,XALS+36.XALS+6.3ALL)/75.) +QSX(BZ+
1 (B+XAK7+10,2AKS+35.2AKS+6,.2AK1)/75,.))
BZS5=BZ+(1.,0D00/192.,0D0)%(23,2AK1+125,%AK6-81,.2AKB+125.2AK?)
BDZ5=BDZ+(1.000/192,0D0)%2(23.2AL14125.%AL6-8] . 2ALB+125.%ALY)
BDZ=BDZ+0.17476028BD0XAL1-0,55148065D0%AL2+1,20553560D0%AL3+

1 0.17118478D0%AL4 ’
BZ=BZ+0,17476028D0%XAK1-0,551480656D0%AK2+1,20553560D0%AK3+
1 0.,17118478D0%AK4

IF (NC .EQ, 6 ,AND. ND .EQ. 1 .AND,

1 DABS(DTAN(A-ALFA)) .GE. 11.43D0) GO TO 802

IF (ND .EQ., O .AND. NC .EQ. 1 .AND,
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DO
38

DI OO

NO OO

OO0 N

401

"~

22

21

AOOCO OO

OO0 0

1

93

DABS(DTAN(A-CALFA)) ,GE. 11.43D0) GO 7O 802
GO TO 801

COMPUTE D(RETAR)/DT ANALYTICALLY NEAR A CAUSTIC

BDZ=-(DSQRT(DABS(Q0T)))xSBI
BZS5=BZ
5DZT=BDZ

COMPUTE DIFFERENCE BETWEEN 4TH AND STH ORDER SULUTIONS AS
AN ACCURACY TEST

EBZ=BZ-BZ5
EBDZ=BDZ-BDZ3

COMPUTE REFRACTION COEFFICIENT

AKR=1,/(DSQART(DABS(RZ)))
IF (NFLECT .EQ. 0) GO TO 401
IF (IFLG .NE. 0) GO TO 55

NEAR A REFLECTION POINT LIMIT THE CHANGE IN THE PACKET
DIRECTION

IF (DABS(DELA) .LT. 1.,74532925D-2) GO 70O 22
60 10 58
IF (IFLG .NE. 0) GO TO 55

REQUIRE THAT THE BETA CALCULATION HAS THE DESIRED ACCURACY

IF (DABS(EBZ) .GE. BZTOL .OR. DABS(ERDZ) .GE. BZTOL) GO TO 21
IF (NUMT .LE. 1) GO TO 4

IFLG=1

60 TO 35

NFRACT=1

NRFRBU=1

IF THE DESIRED ACCURACY IS NQOT REACHEDs BREAK UP THE TIME
STEP INTERVAL AND RESUME CALCULATIONS

DELTAT=,52DELTAT

IF (DELTAT .GE. 0,5) GO TO 81
HIT=8

NBRKUP=0

60 TO 38

NBRKUP=1

DOUBLE THE NUMBER OF INTERVALS THE TIME STEP IS DIVIDED INTO
AND RECOVER SAVED VALUES

NUMT=2XNUMT
BZ=5BZ
BDZ=SBDZ

. -
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94

215 AKF C=AKF C/AKF
216 60 TO 38 ;
217 S5 INUM=INUM+1
218 ¢
219 C DETERMINE IF THE PROFER NUMBER OF FOINTS FOR THE BREAKUP OF
2200 C THE TIME STEP HAVE REEN COMFUTED
23 ¢
222 IF CINUM LT, NUNT) G0 TO &4
} -
| 223 C
224 C RESUME CALCULATIONS WITH THE ORIGINAL TIME STEP
225 €
226 IFLG=0
227 INUN=0
228 DELTAT=SDLTAT
229 NBRKUP=0
230 GO TO 4
231 '€
232 ¢ UPDATE F AND Q VALUES
233 ¢
| 234 44 PATI=POT
, 235 QAT1=00T
236 C
237 ¢C TEST FOR FOCAL POINT OR CAUSTIC
' 238 C
. 239 IF (BZ ,GT. 0,0001D0) GO TO 67 _
| 240 68  MIT=4 w
2 241 NBRKUP=0
242 GO TO 38
243 47 NBRKUP=1
244 G0 TO 38
. 245 4 IF (BZ .LE. 0,0001D0) GO TO 68
| 246 C
: 247 C UPDATE P AND Q@ VALUES
248 C
249 PATI=POT
250 QAT1=Q0T
251 NFRACT=0
! 252 NFLECT=0
: 253 C
254 C COMPUTE WAVE HEIGHT
285 ¢
- 256 HGT=HGTZ3AKSZAKFCEAKR
) 257 IF (NWBRK .EQ. 0) GO TO 38
; 258 C
259 € TEST FOR WAVE BREAK
260 C
261 IF (HGT/(VSTT) JLE. (1./7,)SDTANH(SKH)) GO TO 38
262 HIT=5
) 263 38 RETURN

264 END
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001 SUBROUTINE SURFCE(XsYrAsFKsNFKeNDPy INAVIT,AY)
002 C
K, 003 C PURPQSE

904 C
005 C THIS ROUTINE COMPUTES THE WATER DEFTH» CURRENT HMAGNITUDE.
006 C CURRENT DIRECTIONy ROTATION ANGLES,» WAVELET DIRECTION,
207 C PROPAGATION VELQCITIESy COEFFICIENTS OF THE RAY SEFARATION
208 C EQUATION (P AND Q). THE PACKET RAY CURAVATURE, AND THE INITIAL
009 C VALUES OF D(BETA)/DT.
010 C
011 C SUBROUTINES REQUIRED
012 C .
013 C VELCTY ROUTINE TO COMPUTE WAVE SFEEDS
014 C
015 IWPLICIT REALZ28 (A=-H»0-2)
016 C
017 DIMENSION CONTURD(9)yEM(4112)95(614)
018 DIMENSION C(12)yCXC12)9CY(12)2E(S)IIEX(S)1EY(S)
019 DIMENSION YVN(6)
020 C
021 COMMON /GRDCOM/ CMAT(120+120), CURX(120,120)y CURY(120+120),
022 1 CURR(120+120)y AX(4500)s AY(4500)
023 COMMON /PRTCOM/ HT MXPLOTyNURINPTsNAX»NSHINCOINCCyNACHAT,
024 1 MMy NNy NNSKIP

- 025 COMMON /MAICOM/ ALFArAMMYANNICFsCINICNVYRSAYCONTURDyBATELvDATE2Y

Qw’ 024 i DCONsBELTATsDIR»DY»EMIGRIDIHGTZ»AKRTOL»PROJCT

027 2 SsSDLTATsNSKs TT»NWBRK s NBRKUP » NFANYNFLAGR
028 3 NOLINE» IFLGYMOEsNFLECT/yNFRACT ¢y NRFLBUNRFREBU ¢ NROPT
029 COMMON /RAYCOM/ BDZsCyCXsCYsDyDELADEP»DGDXyDHDXYEV+EXIEY+GrGZERD,
030 i HGTsAKFCrAKR1AKSPOTPREVIPLP24P3+F4,PS,Q0T Q1
031 2 Q2:83+Q249359PUISVV,PDEP»SPREVyGTZERD,
032 3 PALFAYSVAVsPGsUsV s IHGT
033 4 NTOREF s INUMy HAXQ@y NUMT » NOREF

034 COMMON /SRFCOM/ NDsNCsCCONsTTT9ARAYsGRsGT»SARAY»PZyPZDy

035 1 CALFAsPCALFAsPARAYPREVT»SPREVTUT»SVT1ASY,

036 2 Z1ZD91BZ/KHAXPXsPYsPTTT»PANGLE»FGRyPPCTDFPCTCXy
037 3 PPCTCYsPGT»SVBZ»SVBDZ s KNUMT +KRFLBUsKRFRRU,CDGDX
038 4 UMX+AGRYPGAMs PBZsPRDBZyFFKy PV, PVT

039 C

040 C DATA IN THE S AND EM ARRAYS ARE USED IN FITTING QUABRADIC
041 C SURFACES FOR WATER DEPTHS AND CURRENTS

042 C

043 DATA S/

044 1 2+22488005-1.59689009~1.5968900+ 0,2500y 0.4736842, 00,2500,
045 2 -1.,5948900, 1.,6895930, 1.0361840+-0.,3750+-0,3157895,-0.,1875,
044 3 -1,5968900, 1.0361840, 1.689359309-0,1875+-0.3157895,-0,3750,
047 4 0.2500000+-0,3750000,-0,1875000s 0.1250, 0.0000000s 0.0625,
048 S 0,4736842+-0,3157895+-0,3157895,» 0.0000y 0.2105263y 0,0000¢
049 6 0+2500000,-0,1875000+-0,37500009 0.0625, 0.0000000y 0.1250/

050 DATA EH/IO’OO’I.)OO’00'10'10'00'20'00900940’

051 1 1e91409009849009000ivrlariorlosioslay
052 2 Tordles2001090200409 109109309 809309%09
053 3 1092190094090490091 4920210044 924914
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10!20!20!40!40!40,1"’20,30’40760’90’
10’30’10!90!30!10'10’30’20!90!60!40/

IF (MAXQ .GT7. L} GO TO 201

IF (ND .EQ, 1) GO TO 373
IF THERE IS NO WATER DEPTH GRIBs THE RAY CURVAYURE, F» AND @
DUE TO DEPTH VARIATIONS ARE SET EZQUAL 70 7FRO

FKAD=0,D0

POTD=0,D0

@0TD=0,D0

IF (NC .EQ@. 1) GO TO 574

IF THERE 1S NO CURRENT GRID, THE RAY CURAVATURE P AND Q@ DUE
TO CURRENT VARIATIONS ARE SET EQUAL TO ZERD

FXAC=0.D0
POTC=0.D0
@0TC=0.D0
IDBDT=0
IONCE=1

XXX I XXX R AX TR IILEEIXLTSISXRTTAXY
1x18% 111138
$XXXX BEGIN SURFACE FITTING SEGMENT X3%2% —
333X 2XLLX
EEEEEXXRE IR ISR EIXTLAAIXLLLATTLILLLLL

I=X

J=Y

FI=1

FJ=J

FIC=1

FJC=J

XL=X+1,-F1

YL=Y+1,-FJ

IF (ND ,EQ., 0) GO TO 324
IF (MAX@ .LE., 1) GO TO 1
IF (ZI .NE. FI) GO TO 1

IF (ZJ .EQ. FJ) GO TO 3

21=F1

ZJ=FJ

SELECT 12 DEPTHS FROM THE GRID AROUT THE RAY FOINT

C(1)=CHAT(J+1y D)
C(2)=CHAT(J+251)
C(3)=CHAT(JrI41)
C(4)=CHAT(J+1s141)
C(S)=CHAT(J+2+s1+1)
C(6)=CHAT(J+391+41)
C(7)=CHAT(Jy1+42)
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108
N\’ 109
130

41
7} gl

112
113
i14
3
116
117
118
119
120
121
122
¥23
124
125
126
127
128
129
130

13

Q7 132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
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97

C(8)=CMAT(J+1+1+2)
C(9)=CHAT(J+2,1+2)
CC10)=CHMAT(J+3,1+2)
SULL=CMAT (U4 1+3)
COLl2)=CHAT(J:291t3)

FIT QUADRADIC SURFACE TO THE 12 DEPTHS. Al SUCCESSIVE RA
POINTS A NEW QUADRADIC SURFACE IS NETERMINED ONMLY IF THER
IS A CHANGE IN ANY OF THE 12 WATER DEFTH GRID VALUES

!
5

DO 319 II=1,+6
YVN(II)=0,
D0 318 L=1,12
YVUR(II)=YVW(II)+C(L)XEM(IT L)
CONTINUE
CONTINUE
D0 321 II=1,6
ECII)=0.
DO 320 Jd=1,6
ECID)=ECII)+SC(II» I RYUNCID)
CONTINUE
CONTINUE

COMPUTE INTERFOLATED WATER DEPTH
DEP=(E(1)+E(2)XXL+E(3)XYL+E(4) XXLIX2+E(S)XXLXYL+E(S)XYLXX2)XDCAN

COMPUTE PARTIAL DERIVATIVES OF WATER DEFTH IN FIXED XY-
SYSTEM

HX=(E(2)+2,3E(4)XXL+E(S)XYL)XBCON
HY=(E(3)+E(S5)EXL+E(6)%2,XYL)SDCON
DHDXM=DSART ( (HXXHX) + (HYXHY))

IF THERE IS A VARIATION IN WATER DEPTH COMPUTE THE ROTATION
ANGLE

IF (DABS{DHDXM/GRID) .GT. 0,00001) ALFA=DATAN2(HY,HX)
COSALF=DCOS(ALFA)
SINALF=USIN(ALFA)

COMPUTE FARTIAL BERIVATIVE OF WATER DEFTH IN ROTATED XY-
SYSTEM

DHDX=HXSCOSALF+HYSSINALF
IF (IHGT .EQ@. 0) GO TO 572

COMPUTE SECOND PARTIAL DERIVATIVES OF WATER DEPTH IN FIXED
XY=-SYSTEM

HXX=2,3E(4)8$BCON
HYY=2.,3E(6)XDCON

HXY=E(S)XDCON




160
161
162
163
144
185
166
148
1469
170
171
172
173
174
173
176
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178
179
180
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184
185 322
186 50
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188

189

190

191 71

192 52

193
194
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198
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COMPUTE SECOND PARTIAL DERIVATIVES OF WATER DEPTH IN
ROTATED XY-SYSTEM

HDER1=2,3SINALF2COSALFXHXY
DHDXX=(COSALFX22)2HXX+HDERL1+ (SINALFX32) THYY

DHDYY=(SINALF%22) sHXX-HDER1+(COSALF XX2) sHYY
JHOXY=(SINALFSCOSALF ) X(HYY-HYX) +((COSALF%22)-(SINALF€22)) tHXY

IF THE WATER DEFTH IS GREATER THAN 0, THE CALCULATIONS
ARE CONTINUED

IF (DEP .GT. 0.) GO TO 324
NDP=2
60 TO 403
COMPUTE DEEP WATER WAVELENGTH

WL=AGRX(TTT%22)/6.,283185308D0
IF (DEP/WL .GT. .64) GO TO 322

NFK=2
GO TO0 50
IN DEEP WATER SET NFK =1
NFK=1
IF (NC .EQ@., 0) GO TO 323
1K=0

iF (MAXQ .LE. 1) GO TO 52

IF (ZIC +NE. FIC) GO TO 71
IF (ZJC .EQ, FJC) GO TO 53
IK=1

ZIC=FIC

ZJC=FJC

SELECT 12 CURRENT SPEEDS FROM X-COMPONENT GRID ABOUT THE RAY
POINT

CX(1)=CURX(J+1,1)
CX(2)=CURX(J+2,1)
CX(3)=CURX(JsI+1)
CX(4)=CURX(J+1,1I+1)
CX{5)=CURX(J+2,1+1)
CX(6)=2CURX(J+3s1+1)
CX(7)=CURX(Jr142)
CX(8)=CURX(J+1s1+2)
CX(9)=CURX(J+2,142)
CX(10)=CURX(J+3+1+42)
CX(11)=CURX(J+1,1+43)
CX(12)=CURX(J+2s1+43)

DETERMINE IF THE X~COMPONENT CURRENT VALUES ARE EQUAL
AT THE FOUR NEAREST GRID POINTS

. . 3
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214
2185
216
287,
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c
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c
561

OO0

557
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IF (DABS(CX(35)-CX(8)) ,G6T. 0.000001D0) GO TO 551
IF (DABS(CX(4)-CX(9)) .GT. 0.000001D0) GO TO 351
IF (DABS(CX(S)-CX(9)) ,G7, 0.000001D0) GO 70 3!
IF (MAXQ .Le. & JOR. IK +EQ. 1) GO 7O Se2

IF (IZX .EQ, 1) GO TO 561

IF THE FOUR GRID POINT VALUES ARE tQUAL THF CCOMPONENT CURRENT
AND I1TS DERIVATIVES ARE SET ERQUAL TO ZERO

2X=0.D0
2X%X=0.D0
2XY=0.D0
ZXXX=0.D0
ZXYY=0.D0
ZXXY=0.D0
1ZX=0
GO T0 S57
FIT QUADRATIC SURFACE TO THE 12 CURRENT SPEED VALUES FOR THE
X-COMPONENT., AT SUCCESSIVE RAY FOINTS A NEW QUADRATIC
SURFACE 1S DETERMINED ONLY IF THERE IS A CHANGE IN ANY OF THE
12 CURRENT SPEED GRID VALUES
B0 54 II=1.6
YVM(I1)=0.0D0
DO 80 L=1,12
YVR(II)=YVR(II)+CX(LIREM(ITsL)
CONTINUE
CONTINUE
DO 81 II=1y6
EX(II1)=0.0D0
DO 55 JJ=1,6
EX(II)=EX(II)+S(JJr11)RYVR(II)
CONTINUE
CONTINUE

COMPUTE INTERPOLATED X-COMPONENT CURRENT

ZX=(EXC(1)+EX(2)IXL+EX(I)SYLFEX(4) EXLIX2+EX(S) XXL XYL+
1 EX(46)2YL322)XCCON

COMPUTE PARTIAL DERIVATIVES OF X-COMPONENT CURRENT IN
FIXED XY-SYSTEM

ZXX=(EX(2)+2,DOREX(4)SXL+EX(S5)2YL)XCCON
IXY=(EX(3)+EX(5)EXL+EX(4)22,D0OXYL)XCCON
ZXXX=2+DOXEX(4)2CCON
ZXYY=2,DOZEX(4)2CCON

IXXY=EX(3)2CCON

12X=1

IDBDT=1

IF (HAXQ JLE. 1) GO TO 72
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IF (IK +EQ. 0) GO TO 356

SELECT 12 CURRENT SPEEDS FROM Y-COMPONENT GRID ARQOUT THE b=
RAY FOINT

CY(1)=CURY(J+1,1)
CY(2)=CURY(J+2» 1)
CY(33=CURY(JrItl)
CY(4)=CURY (J+1,I+1)
CY(3)=CURY (J+2,1+1)
CY(6)=CURY (J+391+1)
CY(7)=CURY (JrI+2)
CY(8)=CURY (J+1,1+2)
CY(9)=CURY (J+2,1t2)
CY(10)=CURY (J+3,1+2)
CY(11)=CURY (J+1,1+3)
CY(12)=CURY (J+2,1+3)

DETERMINE IF THE Y-COMPONENT CURRENT VALUES ARE EQUAL
AT THE FOUR NEAREST GRID POINTS

IF (DABRS(CY(S)-CY(3)) .GT, 0.000001D0) GO TQ 532
IF (DABS(C((4)-CY(?)) ,GT., 0.,000001D0) GU TQO 552
IF (DABS(CY(S)-CY(®?)) .GT, 0.000001D0) GO TO S52
IF (¥AXQ .LE. 1 .OR, IK .EQ., 1) GO TO 564

IF (IZY .EQ. 1) GO TO S63 .

IF THE FOUR GRID POINT VALUES ARE EQUAL THE COMPONENT CURRENT
AND ITS DERIVATIVES ARE SET EQUAL TO ZERO

2Y=0.D0
ZYX=0,D0
ZYY=0.D0
ZYXX=0,D0
ZYYY=0.D0
ZYXY=0.D0
12Y=90

60 TO0 333

FIT QUADRATIC SURFACE TO THE 12 CURRENT SFEED VALUES FOR
THE Y-COMPONENT. AT SUCCESSIVE RAY PUINTS A NEW QUADRATIC
SURFACE IS DETERMINED ONLY IF THERE IS A CHANGE IN ANY OF
THE 12 CURRENT SPEED GRID VALUES

DO S7 1I1=1,+6
YVW(I1)=0.D0
DO 82 L=1,12
YVNCII)=YVNCII)+CY(L)SER(IT L)
CONTINUE
CONTINUE
D0 S9 II=1,6
EY(11)=0.,D0
DO S8 JJ=1y6




NN 4 Rriats
-0

‘l‘.

¢ ‘ﬂ'—'.‘ fosh
. 4% o
of 2°

g

319
320
321
FEL

-y

Sad
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371

58
59
c
C

c
363

OO0

[, 00 o B or B v ]

o000

(o B or I o0 ] NO OO

a0

101

EY(ID)=EY(II)+S(JJr ITIRYVH(JI)
CONTINUE
CONTINUE

COMPUTE INTERFOLATED Y-COMPONENT CURRENT

IY=(EY(1)4EY(2)2XL+EY(3)RYL+EY (A 2XL2X24EY (S) XL 2YL +
EY(4)TYLxx2)XCCON

COMPUTE PARTIAL DERIVATIVES OF Y-COMPONENT CURRENT IN
FIXED XY-SYSTEM

ZYX=(EY(2)+2,DOXEY(4) 2XL+EY(5)xYL)ICCON
ZYY=(EY(J)+EY(S)EXL+EY(4)32,D0XYL)XCCON
ZYXX=2,DOXEY(4)XCCON
ZYYY=2,DOXEY(4)XCCON

ZYXY=EY(5)XCCON

1ZY=1

IDBDT=1

DETERMINE CURRENT SPEED MAGNITUDE

Z=DSART((ZX%Xx2)+(ZYX2x2))
IF (DABS(Z) .,GT. 0,000001D00) GO TO 213

IF THE CURRENT SPEED IS NEAR ZERO THE CURKENT DERIVATIVES
IN THE ROTATED XY-SYSTEM ARE SET EQUAL TO ZERO

DZDX=0.D0

DZBXX=0.D0
DZDBYY=0,D0
DZDXY=0,D0
DZDDX=0.D0
DZDBDY=0.D0
DZBDXX=0,D0
DZDDYY=0,D0
DZDDXY=0,DO
60 TO 323

COMPUTE FIRST PARTIAL DERIVATIVES OF CURRENT SPEED IN
FIXED XY-SYSTEM

ZTX={ZIXXZXX+ZYXZYX) /L
ZTY=(ZXXIXY+ZYRZIYY) /L
DZDXM=DSQRT((ZTXXZTX)+(ZTYRZTY))

B R i R R B i i T

IF THERE IS A VARIATION IN CURRENT COUMPUTE THE ROTATION ANGLE

IF (DABS(DZDXM/GRID) .GT., 0.00001) CALFA=DATAN2(ZTY,»ITX)
SICALF=DSIN(CALFA)
COCALF=DCOS(EALFA)

COMPUTE FIRST PARTIAL DERIVATIVE OF CURRENT SPEED IN
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ROTATED XY-SYSTEM
DZDX=ZTXXCOCALF+ZTYXSICALF

COKPUTE CURRENT DIRECTIGN
ZD=DATAN2(ZYZX)

COMPUTE FIRST PARTIAL DERIVATIVES OF CURRENT DIRECTION IN
FIXED XY-SYSTEM

ZDX=(ZXRZYX-ZYXZXX) /(2%%2)
ZDY=(ZXXZYY-ZYXZXY)/(2%22)

COMPUTE FIRST PARTIAL DERIVATIVES OF CURRENT UIRECTION IN
ROTATED XY-SYSTENM

DZDDX=COCALF*ZDX+SICALF%ZDY
DZDDY=-SICALF XZDX+COCALFXZDY
IF (IHGT .&EQ@, 0) GO 70O 323

COMPUTE SECOND PARTIAL DERIVATIVES OF CURRENT SHEED IN FIXED
KY-SYSTEH

ITXX=(ZXRZXXX+ZXXXZXX+ZYIZYXX+ZYXKLYX-ZTX2ZTX) /2
ZTXY={ZXXIXXY+IXXRIXY+IY RIY XY +ZYXSZYY-2ZTXRITY)/Z
ITYY=(ZXRZXYY+ZXYRIXY+ZYRZYYYHZYYRZYY-2TYRZTY) /2

COMPUTE SECOND PARTIAL DERIVATIVES OF CURRENT SPEED IN ROTATED
XY-SYSTEN

ZDER1=2.,8SICALFXCOCALFXZTXY
DZDXX=(COCALF222)XZTXX+ZDER1+(SICALFXXx2)XZTYY
DZDYY=(SICALF2X2)XZTXX-ZDER1+(COCALFX22)XZTYY
DZDXY=(SICALFXCOCALF)®(ZTYY-ZTXX)+( (COCALF2%22)-(SICALFX22))xITXY

COMPUTE SECOND PARTIAL DERIVATIVES OF CURKENT DIRECTION IN
FIXED XY-SYSTEM

ZDXX=(((ZXXZYXX-ZYRZXXX) /ZL) -2, DOXZDXRZITX) /Z
ZDYY=( ((ZXRZYYY-ZYRZXYY)/2)~2,DOXZDYRZTY) /2
ZDXY=CCCZXXXLYY+ZXXZYXY~ZYXXZXY -ZYXZXXY)/Z)-2,DOXZIDYRITX) /2

COMPUTE SECOND PARTIAL DERIVATIVES OF CURRENT DIRECTION IN
ROTATED XY-SYSTEM

ZDDER1=2,3SICALFXCOCALF3ZDXY
DZDDXX=(COCALF£32)XZDXX+ZDDER1+(SICALFX%2)XZDYY
DZDDYY=(SICALF2x2)xZDXX-ZDDER1+(COCALFX%2)2ZDYY
DZDDOXY=(SICALFXCOCALF)X(ZDYY-ZDXX)+((COCALF2%22)~(SICALF%%2))XZDXY

1332323023332 0203332203332 000333322242 28]
£1XX2 xxxxx
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3 103
; 425 ¢C £133%X END OF SURFACE FITTING SEGMENT X¥3%x
W s, 425 C 2282 XXX
Ei \ a7 ¢ LEEIEXIEE L R XXX EELERLLEXLLLILRRTRLLL
% 128 ¢
L 429 C
. 430 C COMPUTE VELOCITIES AND DOPPLER SHIFTED WAVE PERIOD
- 431 ¢
k.- 432 323 DD 40 IT=1,50

433 TT0=TTT

434 CALL VELCTY(VsTTT+HMAXQsDEP»NFKsUsNCrAGR)

435 TTT=TT2(1.D0+Z2DCOS(AY-ZD)/V)

436 IF (DABS((TTO-TTT)/TTT) ,LE. 0.00000100) GO TO 61

437 60 CONTINUE

438 61 IF (IHGT .NE. 0) GO TO 12

439 C

440 C 1230202202 200202020003 3820330200200 2¢02020 0201

441 ¢ 13113 r3XX%

442 C $33x3 BEGIN WAVELET COMPUTATION SEGMENT Zx%x%

443 C 1XTXX TXXXX

344 C 190285223203 022022202420¢2222222230208292228214

445 C

446 IF (ND +EG. 1 .AND. NC .EG. 1) GO TO 570

447 IF (ND +EQ. 0) GO TO 26

448 C :
.. 449 C COMPUTE WAVELET DIRECTION IN ROTATED XY-SYSTEM USING SNELL‘S
7 450¢C LAW FOR WATER DEPTHS

as1 C

452 GP=SVAV-ALFA

453 14 IF (DABS(GP) .LE. 6.283185308D0) GO TO 13

454 IF (GP) 16113417

ASS 16  GP=GP+6.,283185308D0

456 5C TO 14

457 17 GP=6P-6.283185308D0

4S8 GO TO 14

4S9 13 ARG1=VEDSIN(GP)/SWV

460 C

461 C TEST FOR TOTAL REFLECTION OF THE WAVELETS

462 C

463 ‘IF (DABS(ARG1) .LE. 1.00) GO 70 18

464 NTOREF =1

465 GO TO 403

466 18  NTOREF=0

467 GPT=DASIN(ARG1)

468 IF (DABS(GP) .LE. 4.71238898038D0) GO TO 20

469 AVP=6,283185308D0+GPT

470 G0 TO 22

471 20  IF (DABS(GP) .LE. 1.57079632468D0) GO TO 23

472 AVP=3,141592654D0-GPT ‘

473 60 TO 22

474 23 AVP2GPT

473 22 AUsAUP+ALFA

476 IF (NC ,EQ. 0) GO TO 12
477 C
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ﬁ 478 C COMPUTE WAVELET DIRECTION IN ROTATED XY-SYSTEM USING SNELL’S LAW
o 479 C
Q!! 480 26 GPC=SVAV-CALFA
A 1481 114 IF (DABS(GPC) ,LE. 6.283185308D0) GO TO 113
482 IF (GPC) 115491135117
483 116 GPC=GPC+6.283185308D0
484 60 TO 114
185 117  GPC=GPC-4.283125308D0
486 G0 TO 114
487 113 DO 122 ITT=1,50
488 AUPSAV=AUP
489 C
490 C COMPUTE PHASE VELOCITY AND DOPPLER SHIFTED WAVE PERIOD
491 C
492 DO 255 IT=1,50
493 TT0=TTT
494 CALL VELCTY(V,TTTsHMAXQsDEPsNFKsUsNCsAGR)
495 TTT=TT%(1,D0+Z2DCOS(AV=-ZD)/V)
494 IF (DABS((TTO=TTT)/TTT) .LE. 0.,000001D0) GU TO 254
497 255 CONTINUE
498 254 YT=y+ZEDCOS(AY=-ZD)
199 ARG1C=VTXDSIN(GFC)/SYUT
500 C
S04 ¢ TEST FOR TOTAL REFLECTION OF THE WAVELETS
502 C
503 IF (DABS(ARG1C) .LE. 1.D0) GO TO 118 ~—
504 NTOREF=1 e
505 GO TG 403
506 118 NTOREF=0
507 GPCT=DASIN(ARG1C)
508 IF (DABS(GPC) .LE. 4.71238898038D0) GO TO 120
509 AVP=4,283185308D0+GPCT
510 60 TO 115
S11 120 IF (DABS(GPC) .LE. 1.5707963268D0) GO TO 123
512 AVP=3,141592654D0-GPCT
513 60 TO 115
S14 123 AUP=GPCT
$15 115 AVU=AUP$CALFA
516 IF (ITT .LLE. 1) GO TQ 122
517 IF (DABS( (AVPSAV=-AVP)/AVP) .LE. 0,000001D0) GG TQO 12
S18 122  CONTINUE
519 G0 TO 12
520 C
s21 C COMPUTE WAVELET DIRECTION IN ROTATED XY-SYSTEMS USING RAY
s22 C CURVATURE EXPRESSION FOR WATER DEPTHS ANDB CURRENTS
523 C
524 570 IF (MAXQ .EQ. 1) GO TO 12
525 NTOREF=0
526 DELAVS=DELAV
527 DELAV=( (DTAN(SVAV=ALFA) EDCOS (ARAY-ALFA)2DVDX) + _
528 1 DCOS(ARAY-CALFA)X(DTAN(SVAV-CALFA) X (CDVYDX+UKX) - Ry o
529 2 (CDVYDY+UKY) ) ) 2(GR/VT)X(DELTAT/GRID)

530 DELAVB=0,SDOS(DELAVS+DELAV)
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IF (DABS(DELAVB-DELAVS) .LE, 0.000009D0) IWAVIT=1
AV=SVAV+DELAVR

PRSPPI PP PP PP P22 PR P02 0P R PP PP PP PR PP PRRP PR 2 P

IXXXX 333X
$XXXX END OF WAVELET COMPUTATION SEGMENT ¥XXXX
12020 IIXXX

I IR Y XL I I T LA ITAITIIT AL IAX
PHI=A-AV
COSPHI=DCOS(PHI)

SINPHI=DSIN(PHI)
TANPHI=DTAN(PHI)

COMPUTE GEOMETRIC GROUP VELQCITY
G=UXDCOS(PHI)
AVMZD=AV-ZD
SIAVMZ=DSIN(AVMZD)
COAUMZ=DCOS(AVMZD)
COMPUTE VELOCITY OF ARVECTED WAVELET FRONT IN CURRENT

VT=U+Z2COAVNZ
AXZD=A-ZD
SIAMZD=DSIN(AMZD)
COAMZD=DCOS (AMZD)

COMPUTE RAY VELOCITY IN CURRENT
GR=(GX$2+Z83242XZ¥GECOANZD) 2X, 5

COMPUTE VELOCITY OF ADVECTED GROUP FRONT IN CURRENT
G6T=6G+Z3COANMZD

1223322903232 233 2282202220022 00282 22222000224

R XXX
$3xxx BEGIN CURVATURE, P AND Q SEGMENT 2xx1%
2312 1XX12

1222222232002 8332 0200022223222 22033 20220250284

COMPUTE ANGULAR FREGQUENCY

OMEGA=2,D0%3,141592654D0/TT7
A2V2=1,0-( (OHEGAZV/AGR) $%2)
WHAO=(VE22) +AGRIDEP2A2V2
0I=2,0%0MEGAXDEP/V

UVRA=U/V

UD1=UVRA-0.S
UD2=(1,0-DSART((0I%2%x2)+44.,0%x(UD1%X32)))
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IF (ND .EQ. 0) GO TO 251
IF (NFK .EQ@. 2) GO TO 402

IN DEEP WATER THE GEOMETRIC GROUF VELOCITY DERIVATIVE, RAY
CURVATUREs P» AND @ FOR WATER DEFTHS ARE SET EQUAL TO ZERO

pVDX=0.,D0
DGDX=9.D0
FXAD=0.,D0
POTD=0.D0
@07TD=0.D0
60 T0 575
N=AGRIVIA2VZ/WHAD

COMPUTE THE FIRST DERIVATIVE OF THE PHASE VELOCITY FOR
WATER DEPTHS

DVDX=WXDHDX
AUMAL=AV-ALFA
TANAVUM=DTAN(AVHAL)
COSAVH=DCOS (AVMAL)
AMALFA=A-ALFA
TANAMA=DTAN (AMALFA)
COSAMA=DCOS (AMALFA)
SINAMA=DSINC(AMALFA)
UD3X=(V/DEP)2DHDX~-DVDX

COMPUTE FIRST DERIVATIVE OF CONVENTIONAL GROUP VELOCITY FOR
WATER DEPTHS

DUDX=UVRAXDVDX+UD13UD22UD3X
RHO=1.D0/(1.,DO+TANPHIXTANANKA)
SIGHA=USSINPHIXTANAVH/V

COMPUTE FIRST DERIVATIVE OF GEOMETRIC GROUP VELOCITY FOR
WATER DEPTHS

DGDX=RHOX (DUDXXCOSPHI+SIGHARDVDX)

COMPUTE PACKET RAY CURVATURE FOR WATER DEPTHS IN ROTATED
XY-SYSTEM

DSRAD=DCOS(ARAY-ALFA) /COSAMA
FKAD=SINAMAXDGDXEXDSRAD
IF (IRGT .EQ, Q) GO TO 575

COMPUTE P FOR WATER DEFTHS IN ROTATED XY-SYSTEM

POTD=(-2,xCOSAMAXDGDX) /GRID
DAVDX=TANAVMXDVDX/V
DADX=TANAMAXDGDX/G
DPHIDX=DADX-DAVDX
YH=~2,0%AGRX(VX%2)/(WHAOXX2)

\ B
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COMPUTE SECOND DERIVATIVES OF PHASE VELOCITY FOR WATER DEPTHS

DVUDXX=W3(DHDXX+YHX(DHDXXX2))
DUDYY=NXDHDYY

DVDXY=WEDHDXY

UD4X=(DUDX-UVRAXDYDX) /V
UDSX=((UXDHDXX-UDIXXDHDRX) /DEP} -DUDXX
UD6=-UD3XX( ((0I%x%x2)XUDIX/V)+4.XUD1XUDAX)
UD7=DSQRT((0I%x2)+4,3(UD1X%2))

COMPUYE SECOND DERIVATIVES OF CONVENTIONAL GROUP VELOCITY
FOR WATER DEPTHS

DUDXX=UVRAXDVDXX+UD4Xx(DVDX+UD23UD3IX)+UD1x((UDS/UD7)+UD2XUDSX)
DUDYY=UVRAXDUDYY+UD1xUD2%((V/DEF)XDHDYY-DVDYY)
DUDXY=UVRAXDVDXY+UD1xUD2%( (V/DEP)XUHDXY~DVDXY)

COMPUTE SECOND DERIVATIVES OF GEOMETRIC GROUF VELOCITY FOR
WATER DEPTHS

DGDXX=RHOX(DUDXXXCOSPHI-DPHIDXX(2.,XDUDXXSINPHI+GXDPHIDX)
1 ~UXSINPHIX(TANANAX(DADXXX2) -TANAVUMI((DVDXX/V)+(DAVDXZX2))))
IF (DABS(TANAMA) .GT., 0,08748866D0 .AND. DABS(TANAVM) .GT.

ZETA=1,

XI=0,

60 TO 36
ZETA=1,0/(1.0-TANPHI/TANAMA)
XI=sURSINPHI/VEITANAVM
DGDYY=ZETAX(DUDYYXCOSPHI-XIXDVDYY)
DGDXY=RHOX (DUDXYXCOSPHI+SIGMAXDVDXY)

COMPUTE @ FOR WATER DEPTHS IN ROTATED XY-SYSTEHM

Q0TD=(GX( (SINAMAXZE2)XDGDXX-2 ., SINAHAXCOSAMAXDGDXY +
1(COSAMAXX2)XDGDYY))/(GRIDX22)

IF (NC .EQ. 0) GO TO 252

IF (NFK .EQ. 2) GD 7O 203

NO=-V/0MEGA

GO TO 204

W0=(DEPXAGRIVEA2V2-(VXX3) )/ (OMEGAXWHAD)
WAUNO=0MEGA/V

CTAVH=DTAN(AV-CALFA)

COMPUTE COMPONENT OF CURRENT NORMAL TO WAVELET FRONT

UK=Z2COAVMZ
RMKL1=Z3STAVHZ/VT

RMK=RMKL1XCTAVN |
RMK1=1,DO+RMK |
RMKL2=UKX(1,DO~-WAVNOINO) /V

0D1=1,D0/(1.,D0~(WAUNOSRMKEWO/RHK1) +RNKL2)
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0D2=DZDX¥COAVMZ+Z3SIAUMZXDZDDX
OMEGX=-0D1%(NAUNO/RHK1)£0D2

RMKY=RMKL1/CTAUVN =
RMKY1=1-RMKY

ODY1=1,B0/(1,D0- (WAUNOZRMKYEWO/RMKY1) +RHKL2)

0DY2=Z3SIAUKZ$DZDDY

OMEGY=-0DY1%(WAUNO/RMKY1)X0DY2

COMPUTE THE FIRST DERIVATIVES OF THE PHASE VELOCITY FOR
CURRENTS

CDVDX=WOXOMEGX
CDVDY=WOXOMEGY

COXPUTE FIRST DERIVATIVES OF CURRENT CUMPONENT NORMAL TO
WAVELET FRONT

UKX=(~-RMKXCDVDX+0D2) /RMK1
UKY=(RMKYXCDVDY+0DY2) /RHKY1
CAMALF=A-CALFA
CSAM=DSIN(CAMALF)
CCAM=DCOS(CAMALF)
CTAM=DTAN(CAMALF)

IF (NFK .EG@., 2) GO 7O 207

COMPUTE FIRST DERIVATIVES OF CONVENTIONAL GROUF VELOCITY FOR g
CURRENTS IN DEEP WATER &
CDUDX=CDVDX/2.

CDUDY=CDVDY /2.

G0 TO 208

UDC1=(V/OMEBA) SOMEGX-CDVDX

UDCY1=(V/OMEGA)SOMEGY-CDVDY

COMPUTE FIRST DERIVATIVES OF CONVENTIONAL GROUP VELOCITY FOR
CURRENTS

CDUDX=UVRAXCDVDX+UD13xUD23UDC1
CDUDY=UVRASCDVDY+UD13UD23UDCY1
RMCOM=Z%SIAMZD/GT
RM=RMCOMXCTAM

RM1=1,DO+RM
RNT=(USSINPHISCTAM) /GT
RNG=(UXSINPHIXCTAVH) /VT
GDC2=DZDXXCOAMZD+ZXSIANZDXDZDDX
GDC3I=RNT/RM1

RMY=RMCOM/CTAN

RMY1=1,DO=RMY
RNTY=(UXSINPHI)/(GTXCTAM)
RNGY=(USSINPHI)/(VTXCTAVM)
GDCY2=Z%SIAMZDEDZDDY
GDCYJI=RNTY/RMY!
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COMPUTE FIRST DERIVATIVES OF GEOMETRIC GROUP VELOCITY
FOR CURRENTS

COGDX=(CDUDXICOSPHI-SDCIXGDC2+RNGX(CDVUDX+UKX) )/ (1.00+GDCT)
COGDY=(COUDYXCASFHI+GDCYIXGICY2-RNGYI(CDVDY+UKY) )/ (1. D0=-GDCY3)

COMPUTE FIRST DERIVATIVES OF CURRENT COMPONENT NORMAL 70
GRCUP FRONT

UMX=(-RMXCDGDX+GDC2) /RM1
UMY=(RMYXCDGDY+GDCY2) /RNYL

'COMPUTE PACKET RAY CURVATURE FOR CURRENTS IN ROUTATED XY-SYSTEM

DSRAC=DCOS(ARAY-CALFA)/CCAN
FKAC=(CSAMR (CDGDX+UMX)~-CCAMX(CDGDY+UMY) ) XDSRAC
IF (IHGT .EQ, 0) GO TO 252

COMPUTE P FOR CURRENTS IN ROTATED XY-SYSTEM

POTC=(-2.,0%(CCAMX(CDGDX+UMX)+CSAMX(CDGDY+UMY)))/GRID
IF (NFK .EQ@. 2) GO TO 209

10=2.,%V/(OMEGAXX2)

GO0 TO 210

Y01=W0/V
Y02=(AGR-DEPS$(OMEGAXX2) ) X(Y01%XX2)+2.,3DEPSOMEGAXYD1-

1 (AGR/ (OMEGAXX2))-DEP
Y0=(2.,3V/WHAD) X( ((V/OMEGA) xX2) +DEPXA2V2XY02)
CDAVDX=(CTAVH/VT) X (CDVBX+UKX)

GMZDX=CDAVDX-DZDDX
GMZDX2=(GMZDX¥%¥2)
0D3=(DZDXXSCOAVMZ-2,D0%DZDXSSTAVHZXGHZDX-ZXCOAVHZEGHZDX2+

1 ZXSTAVMZR(-CTAVMX(CDAVDXX%2)+DZDDXX) ) /RHK1
0D4=(1.,D0-WAUNOZWO) /V
NAVUNOX=0D4£0HEGX
0DS=1.D0/(1.D0-(NAVUNOSRHKINO/RHK1)+RMKL2)
OMEGXX=0DS%( (WAVNOXRHKEYO/RHK1) X (OMEGXEX2)-WAUNOXOD3-

1 2,DOSWAUNOXETUKX+ (UKZOMEGX/V)X(0DAXCDVDX+

2 WAUNOXYOXOMEGX +WOSWAUNDX) )

CDAVDY=~-(CDVDY+UKY) /(VTSCTAVN)
GMZDY=CDAVDY-DZDDY
GMZDY2=(GHZDYXX2)
0DY3=(DZDYYXCOAVMZ-ZXCOAVMZEGHZDY2+

1 ZXSTAVHZX( ((CDAVDYXX2)/CTAVM) +DZDDYY) ) /RMKYL
NAVUNOY=0D4S0OMEGY
00YS=1,00/(1,D0+(WAUNOSRMKYSWO/RNKY1)+RHKL2)
0DY4=(UK/V)S(0D4XCDVDY+WAVNOXYOSONEGY+WOSWAVNDY)
OMEGYY=0DYSX(-(WAUNOSRMKY2YO/RMKY1)X(OMEGYX22)-WAVNDZODY3-

1 2.DOXWAVNOYIUKY+O0DYSXOMEGY)
0DXY4=(DZDXYXCOAVMZ~-DZDXXSIAVMZXGMZDY-ZXCOAVNZIGHZDXIGHZDY +

1 ZXSIAVMZR(-((1,DO/CTAVM)+2.,DOSCTAVM)XCDAVDXXCDAVDY +

2 DZDDXY))/RHK1

OMEGXY=0DSE( (WAUNOXRMKXYO/RMK1) 3CMEGXXOMEGY -WAVNQXODXY 4~
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1 WAUNOYSUKX-WAUNOXZUKY+0DYSXOMEGX)
COMPUTE SECOND DERIVATIVES OF PHASE VELOCITY FOR CURRENTS

CDOVDXX=WOXO0HEGXX+TOX(OMEGKEXY)
CDVDYY=WOXOMEGYY+YOX(OMEGYXX2)
CDUDXY=WOXOMEGXY+YOXOMEGXXOMEGY

COMPUTE SECOND DERIVATIVES OF CURRENY COMFONENT NORMAL 70
WAVELET FRONT

UKXX==-(RMK2CDVYDXX/RMK1)+0D3
UKYY=(RMKYXCDVDYY/RMKY1)+0DY3
UKXY=-(RMKECDVDXY/RMK1)+0DXY4
IF (NFK ,EQ@., 2) GO TO 211t

COMPUTE SECOND DERIVATIVES OF CONVENTIONAL GROUP VELOCITY FOR
CURRENTS IN DEEP WATER

CDUDXX=CDVDXX/2,

CDUDYY=CDVDYY/2,

CDUDXY=CDVDXY/2.

GO TO 212

UDC2=(CDUDX-UVRAXCIVDX)/V

UDCI=( (VXOMEGXX-UDC1XOMEGX)/ONEGA)-CDVDXX
UDC4=-UDC1%(((0I%x2)2UDC1/V)+4.3UD1xUDC2) o
UDCS=DSART((QIXX2)+4,x(UD1X2X2))
UDCY2=(CDUDY~-UVRAXCDVDY)/V

UDCY3I=( (VXOMEGYY-UDCY120OMEGY)/OMEGA)-CDVDYY
UDCY4=((0I%x2)2UDCY1/V)+4,2UD12UDCY2
UDCXY3=( (VXOMEGXY-UDCY1XOMEGX) /0MEGA)-CDVDXY

COMPUTE SECOND DERIVATIVES OF CONVENTIONAL GROUP VELOCITY FOR
CURRENTS

CDUDXX=UVRAXCDVDXX+UDC22(CDVDX+UD2XUDC1) +
1 UD1%x((UDC4/UDCS)+UD22UDCI)
CDUDYY=UVRAXCDYDYY+UDCY2%(CDVDY+UD2XUDCY1) +
1 UD1x((-UDCY1%UDCY4/UDCS) +UD2XUDCYI)
CDUDXY=UVRAXCDVDXY+UDCY2X(CDVDX+UD2¥UDC1 )+
1 UD1x((-UDC12UDCY4/UDCS)+UD2XUDBCXYI)
CDADX=(CTAM/GT )2 (CDGDX+UNX)
CDADY=-(CDGDY+UMY)/(CTAMEGT)
CDPHDX=CDADX-CDAVDX

CDPHDY=CDADY-CDAUDY

TMZDX=CDADX-DZDDX

THZIDX2=(THZDX%%2)

TMZDYsCDADY-DZDDY

THZDY2=(THZDYXX2)
GDCA=(COAMZDEDZDXX~2.DOXDZDXXSIAMZDXTHZDX~Z2COANZDXTHZIDX2+
1 Z3STAMZDX(-CTAMX(CDADX%%2)+DZDDXX) ) /RM1
GDCY4=(COAMZDXDZDYY-ZXCOAMZDITHZDY2+

1 Z¥STAMZDX( ((CDADY3%2)/CTAM)+DZDDYY)) /RMY1
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RMXY=Z3COAMZDECTAM/GT

R¥XY1=1,DO+RMXY

GDCXY4=(COAMZDXDZDXY-TMZDYX(DZDXXSIAMZD+Z2COAMZDXTHZIDX) +
JXCOAMZIDI (-CDADXECDADYX((1,/CTANI+2.XCTANK) +
JZIDXY))/RMXY1

) ra

COMPUTE SECOND DERIVATIVES OF GEOMETRIC GROUP VELOCITT FOR

CURRENTS
CDGDXX=(CDUDXXXCOSPHI-CDPHDX2(2,DOXCDUDXSSINFHI+GXC:DPHDX) -
1 RNTXGDCA-USSINPHIXCTANX(CDADXXX2) +RNGX(CDVYDXX+UKXX) +
2 UXSINPHIXCTAVMX(CDAVDXX22))/(1.DO+(RNT/RHK1))
CDGDYY=(CDUDYYSCOSPHI-CDPHDYX(2,DOXCDUDYXSINPHI+GXCDPHDY)+
1 RNTYXGDCY4+UXSINPHIX((CDADY¥32)/CTAM)-RNGYX(CDVDYY+
2 UKYY)-UXSINPHIX((CDAVDYXX2)/CTAVM))/(1.D0-GDCYI)

CDGDXY=(CDUDXYXCOSFHI-CDPHDYX(CDUDXXSINFHI+GZCDPHDX) -
1 CDUDYSSINPHIXCDPHDX-RNTXGDCXYA-UXSINPHIXCDADXX

2 CDADYX((1.,/CTAM)+2.3CTAM) +RNGX(CDVDXY+UKXY ¢

3 UXSINPHIXCDAVUDXXCDAVDYX((1./CTAUM)+2,.3CTAVH))/

4 (1,DO+(RNT/RMXY1))

COMPUTE SECOND DERIVATIVES OF CURRENT COMPONENT NORMAL TO
GROUP FRONT

UMXX=-(RMECDGDXX/RM1)+GDC4
UMYY=(RMYXCDGDYY/RHMY1)+GDCY4
UMXY=-(RMXYXCDGDXY/RHMXY1)+GDCXY4

COMPUTE Q@ FOR CURRENTS IN ROTATED XY-SYSTEM

QOTC=GTX((CSAMEX2)X(CDGDXX+UMXX)~2,XCSAMXCCANZ
1 (CDGDXY+UNXY)+(CCAMEX2)X(CDGDYY+UMYY))/(GRIDX22)

COMPUTE PACKET RAY CURVATURE, P» AND @ FOR WATER DEPTHS AND
CURRENTS

FK=(FKAB+FKAC)/GT
POT=POTD4POTC
Q0T=Q0TD+@0TC

1220222202002 0320020022302203203 0020222280208

11112 XXXX
$33%xx END OF CURVATURE, P AND Q SEGMENT x3xxx
xx1x 1223 2

1323322220023 022220033222 0002022222000 0222202 8
IF (MAXQ@ .GT. 1) GO TO 40S
COMPUTE INITIAL D(BETA)/DT FOR WATER DEPTHS

IF (ND .EQ. t) BDZ=-TANAMAXSINAMARDGDX/GRID

COMPUTE INITIAL CHANGE IN WAVELET DIRECTION FOR STARTING THE

e LS EC ST AP SO S SRS P S S S SO S N R ORGP Ry, A WGP U TP TP RS P PR A - -l




i ,'.“"i-“. R . R T — P e e el e
112
902 C RAY CURVATURE CALCULATIONS OF THE WAVELET DIRECTION
903 C
903 1 ((DTAN(SVAV-ALFA)SDCOS{ARAY-ALFA)XDVDX) +
204 2 JCOS(ARAY-CALFA)I(DTAN(SVAV-CALFA) X {CIOVDX+UKX) -
207 3 (CDVUDY+UKY)) )X (GR/VT)X(DELTAT/GRID)
9d8 405 IF (MAXQ .EQ@. MAXASA) GO TO 403
969 HAXASA=MAXQ
?10 IF (IONCE .EQ. O .OR.
911 1 IDBRDT .EQ@, O .OR,
912 2 DABS(Z) .LE. 1,D~-4) GO TO 403
913 C
914 C COMPUT INITIAL D(BETA)/DT FOR CURRENTS
915 C
216 BDZA=~(BZXCSANXCTAM)X( (CDGDX+UMX)/GRID)
91?7 RDZ=BDZ+BDZA
918 IONCE=0
9?19 403 RETURN
920 END
001 SUBROUTINE VELCTY(VsTTy»MAXQy DEPsNFKs»UsNCsAGR)
002 C
003 C PURPOSE
004 C
005 C THIS ROUTINE COMPUTES THE PHASE VELOCITY AND COLINEAR
006 C (CTONVENTIONAL) GROUP VELOCITY,
007 C
008 C SUBROUTINES REGUIRED
009 C
010 C NONE
o11 C
012 IMPLICIT REALX8 (A-H»0-2)
013 C
014 IF (MAXQ@ .GT. 1 .AND., NC .EfG. 0) GO TO 102
015 BAR=6.283185308D0/TT
016 CXX0=TTXAGR/46.283183308D0
017 CCC=CXX0
018 60 70 103
019 102 CCC=XCXY
020 103 IF (NFK .EQ. 2) GO TO 105
021 C
022 C PHASE VELOCITY IS EQUAL TO DEEP WATER VALUE
023 C
024 V=CXX0
025 GO TO 106
026 105 DO 1000 H=1,%0
027 C
028 C COMPUTE PHASE VELOCITY FOR WATER OF ARBITRARY DEFTH
029 C
030 V=CXXO*DTANH(BARXDEP/CCC)

031

et Y PO S S T PR LY

IF (DABS(V-CCC) .LT. ,00005D0) GO TO 106
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1000 CCC=(V+CCC)/2,
106 XCXY=V
BAR2=2,XBARXDEP/V
IF (NFX .EQ, 2) GO TO 3034
COMPUTE DEEP WATER VALUE OF GROUP VELOCITY
Y=,3%V
G0 10 107
COMPUTE GROUP VELOCITY FOR WATER OF ARBIRTRARY DEPTH
3036 U=,5%Vx(1,+2,3RAR2/(DEXP(BAR2)-DEXP (-BAR2)))
107 RETURN
END
SUBRROUTINE PCD(C,»E,PCTDIF)
PURPOSE
1
THIS ROUTINE DETERMINES THE DIFFERENCE BETWEEN THE GRID
VALUE AND THE VALUE COMPUTED FROM THE 12-POINT SURFACE
FIT FOR THE 4 GRID POINTS CLOSEST TO THE RAY POINT,
THE MAXIMUM PERCENTAGE DIFFERENCE OF THE 4 GRID POINTS
IS DETERMINED.,
SUBROUTINES REQUIRED
NONE
IMPLICIT REALX8 (A-H,0-Z)
DIMENSION C(12),E(6)
IF (C(4)2C(5)2C(8)XC(9) . NE., 0.) GU TO 901
PCTDIF IS SET TO 999 IF THE PRODUCT OF THE FOUR GRID
VALUES IS ZERO
PCTDIF=999.
G0 TO 902
901 P1=DABS((C(4)-(E(1)+E(2)+E(I)I+E(4)+E(S)+E(4)))/C(4))
P2=DABS((C(5)=(E(1)+E(2)+2,2E(3)+E(4)+E(S) 22, +E(4)%4,))/C(3))
P3=DABS((C(B8)-(E(1)+E(2)22, +E(3)+E(4) 24, +E(D) X2, +E(6)))/C(8))
PA=DABS((C(9)-(E(1)4E(2)22,+E(3)%2,+E(4) X4, +E(S)X4,+E(5)%4,))/
1 c(?,)
PCTDIF=100,3DHAX1(P1+,P2,P3+P4)
902 RETURN

END
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001 SUBROUTINE STORE(XsYsAsKMAX» TIMEQ,KCINsKREST)
002 C
003 C PURPOSE -
204 C
Q05 ¢C IN THIS ROUTINE THE COORDINATES OF E£ACH RAY POINT ARE 3/CRED.
006 C IF DESIRED» THE LOCATIONS OF TICK MARKS AT ENUAL TIME
007 C INTERVALS ALONG THE RAY ARE CUOMPUTED AND STORED.
208 C
009 C SUBROUTINES REQUIRED
010 C
011 C NONE
012 C
013 IMPLICIT REALX(8 (A~H:0~-2)
014 C
013 DIMENSION CONTURD(?)EM(69212)9S(816)
014 DIMENSION C(12)sCX(12)CY(12)sE(8)1EX(E)IEY(S)
017 C
018 COMMON /GRDCOM/ CMAT(120+120)s CURX(120,120), CURY(120+120),
019 1 CURR(120+,120)9 AX(4500)s AY(4500)
020 COMMON /PRTCOM/ HTsMXPLOTsNORINPTsNAXsNSHsNCOsNCCyNXCHAT,
021 1 MM NNy NNSKIP
022 COMMON /MAICOM/ ALFA»AMMIANN,CFsCINICNURSAYCONTURDSDATELDATE2,
023 1 DCONYDELTATsDIR»DY»EMsGRIDYHGTZ»AKRTOL »FROJCTy
024 2 SySDLTAT»NSKs» TToNWBRKsNBRKUF » NFAN»NFLAGR»
025 3 NOLINE»IFLGYMOENFLECTsNFRACT »NRFLBUsNRFRBU»NRQOPT
026 COMMON /RAYCOM/ BDZsCsCX»CYsDyUELAYDEPs»DGDXsDHDX,E+EX»EY»G»GZERDS ";
027 1 HGTy»AKFC+AKR»AKS»POT»PREVsP1yP2,PI9P4,F5+R0T»01, —
028 2 R2,23,04,05sPUySVVyPDEP»SFREV,GTZERD
029 3 PALFAYSVAVIPGsU»Vy IHGT »
030 4 NTOREF » INUM» MAXQs» NUMT » NOREF
031 C
032 IF (CIN ,LE. 0) GO TO 403
033 IF (KMAX GT. 1) GO TO 401
034 AT=0,
035 C
036 C- STORE POINT COORDINATES
037 C
038 403 KA@=KMAX+KCIN
039 AX(KQ)=X
040 AY(KQ)=Y
041 IF (CIN .LE. 0.) GO TO 205
042 402 ZA=A
043 SAVEGR=6R
044 60 TO 205
045 401 ET=TIMEQ-AT
044 IF (CIN-ET) 40594049403
047 C
048 C RAY POINT AND TICK MARK COINCIDE, STORE WITH NEGATIVE X
049 C '
050 404 KQA=KMAX+KCIN
051 AaxX(KQ)=~-X
052 AY(XQ)=Y

053 KREST=KREST+1
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N 054 AT=AT4CIN

- ©. 055 G0 TO 402

3 € 056 C
057 ¢ COMPUTE LOCATION OF TICKX MARK AND STORE WITH NEGATIVE X
0S8 C
059 405 DSC=(ET-CIN)X(GR+SAVEGR)*¥3600.,D0/(GRIDX2,)
060 AA=(A+ZA) /2.
064 X¥=DSCXDCOS (AA)
062 YH=DSCXDSIN(AA)
063 KQ=KMAX+KCIN
064 AX(KQ) ==X+ XM
065 AY(KQ)=Y-YM
066 KREST=KREST+1
067 KCIN=KCIN+1
068 AT=AT4CIN
069 G0 TO 401
070 C
071 C THEN EXIT
072 C
073 205 RETURN
074 END

Y
001 SUBROUTINE DRAW (MsKMAX;KCINsKREST)
002 C
003 C PURPOSE
004 C
005 C THIS ROTUINE DRAWS AND NUMBERS THE RAYS. IF DESIRED, TICK
006 C MARKS ARE DRAWN AT EQUAL TIME INTERVALS.
007 C
008 C SUBROUTINES CALLED
009 C
010 C PLOT CALCOMP ROUTINE TO MOVE THE PEN
otd ¢ NUMBER CALCOMP ROUTINE TO DRAW A NUMBER AT A POINT
012 C
013 IMPLICIT REALX8 (A-H»0-2)
014 C
015 DIMENSION CONTURD(9) +EM(6112) 95(696)
016 DIMENSION C(12),CX(12)1CY(12)9E(6)vEX(6)1EY(4)
017 C
018 COMMON /GRDCOM/ CMAT(1205120)s CURX(1205120)s CURY(120,120),
019 1 CURR(120,120), AX(4500)s AY(4500)
020 COMMON /PRTCOM/ HTsMXPLOTINOR,NPT)NAXyNSHyNCOsNCCINXCHAT)
021 1 MM+ NNoNNSK1P
022 COMMON /MAICOM/ ALFA»AMMsANN,CF+CIN»CNVRSA, CONTURD, IATE1»DATE2,
- 023 1 DCONy DELTAT,DIRy DY EMsGRIDsHGTZy AKRTOL ) PROJCT

024 2 Sy»SDLTATyNSK» TT ) NWBRK ) NBRKUP s NFAN s NFLAGR)
025 3 NOLINE, IFLG»MOE  NFLECT »NFRACT yNRFLBUy NRFRBU s NROPT
026 COMMON /RAYCOM/ BDZyCiCX+CYsDyDELAs DEP+DGDX s DHDXsE+EXIEY G+ GZERD,
027 1 HGT +AKFC+AKR 1 AKS ) POT sPREVP1,P2+P3+P4,P5,00T,Q1
028 2 @2,03+Q04,05,PU, SVV,PDEP) SPREV+GTZERD,
029 3 PALFAySVAVIPG UV IHGT
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NTOREF » INUM» MAXQ» NUMT » NOREF

XN=N

KHAX=KHAX+KCIN

IF (AX(KMAX) .GE. 0.) GO TO 401
AX (KMAX)=-AX (KMAX)
KREST=KREST-1

IF 0D(~»2) .NE. 0) GO TO 104

BEGIN EVEN-NUMBERED RAY WITH THE TERMINAL POINT

KTWO=KMAX~1

KADD=-1

LAST=1

HC=KREST+1

IF (NFAN .EQG. 0) GO TO 201

CALL NUMBER (AX(KMAX)/DYs»AY(KMAX)/DYs0.1»XNsQ.0v-1)
CALL PLOT (AX(KMAX)/DY,»AY(KMAX)/DY»3)

IF (KMAX .LE. 1) GO TO 106

GO 7O 10S

BEGIN ODD NUMBERED RAY WITH THE INITIARL FOINT

KTW0=2

KADD=1

LAST=KMAX

MC=0

IF (NFAN JNE. 0) GO TO 111

NUMBER RAY AT THE INITIAL POINT

CALL NUMBER (AX(1)/DY»AY(1)/DY»0.1yXNs0+0y~1)
CALL PLOT (AX(1)/DY»AY(1)/DY,»3)

IF (KMAX .LE., 1) GO TO 106

IF (CIN .LE. 0.) GO TO 300

IF (AX(KTWO) .LT. 0.) GO 7O 302

DRAW SEGMENT OF RAY

CALL PLOT (AX(KTWO)/DY»AY(KTWO)/DY»2)

G0 T0 303

AX(KTW0)=-AX(KTWO)

WIl=,05

MC=MC+KADD

IF (MOD(MC»10) JNE..0) GO 7O 500

Wi=,10

XPN=AX(KTWO)/DY

YPN=AY (KTWO) /DY

KQ=KTWO-KADD

XPL=AX(KQ)/DY

YPL=AY (KQ)/DY

IF (DABS(XPN-XPL) .LT. .0005D0 .AND.
DABS(YPN-YPL) LT, .0005D0) GO TO 410

Lo ]
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| 083 GO TO 420
o 084 C
[ W ogs ¢ POINTS ARE TOO CLOSE TDGETHER
. 086 C
. 087 410 XQ@=X@-KADD o
3 088 GO TO 430
- 089 420 DSC=DSART((XPN-XPL)ZX2+(YPN-YPL)1X2)
- 990 C
091 C DRAW THE RAY
092 C
093 CALL PLOT(XPNsYPNs2)
094 XB=WIL(YPN-YPL)/DSC
095 YR=-NIZ(XPN-XPL)/DSC
096 C
097 C DRAW THE TICK MARK ON THE RAY
098 C
099 CALL PLOT (XPN+XBsYFN$YB,2)
100 CALL PLOT (XPN-XBsYPN-YBy2)
101 CALL PLOT (XFNsYPNs2)
102 303 IF (KTWO .EQ. LAST) GO TO 106
103 KTWO=KTWO+KADD
104 GO TO 105
105 106 IF (KADD .GE, 0) GO TO 108
106 IF (NFAN ,NE, 0) GO TO 205
107 CALL NUMBER (AX(1)/DYsAY(1)/DY»0,1»XNs0+0r=1)
108 G0 TO 205
109 108 IF (NFAN ,EQ, 0) GO TO 205
110 C
111 € NUMBER THE RAY AT THE TERMINAL FOINT
112 C
113 CALL NUMBER (AX(KMAX)/DY AY(KMAX)/DYs0.15sXNs0.0s-1)
114 205 RETURN
115 END
116 SUBROUTINE IOSET
117 ¢
118 C PURPOSE
119 C
120 C THIS SUBROUTINE SETS UP THE I/0 FILES FOR THE VARIOUS
121 C WAVPAK ROUTINES. THE USER IS ASKED FOR EACH FILE NAME,
122 ¢ WHICH 1S THEN OPENED AND MADE READY FOR I/0. THIS IS
123 C THE ONLY TOTALLY VAX DEPENDENT SUBROUTINEs AND MAY BE
124 C REPLACED BY THE APPROPRIATE JOB CONTROL LANGUAGE ASSIGNMENTS
125 ¢ FOR THE PARTICULAR MACHINE USED.
126 C
127 C SUBROUTINES REQUIRED
128 C
129 C NONE
130 C
131 CHARACTER220 FILE.NAHME

132

(g}
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3% e FIRSTy SET UP THE DATA INFUT FILE NAKE
134 C
135 TYPE 100, ‘$ENTER THE CONTROL FILE NAME * -
138 READ(S,100) FILE_NAME
137 CLOSE(UNIT=1)
138 OPEN(UNIT=1,NAME=F ILE_NAME, TYPE="0LD’ s DEFAULTFILE=",CTL")
139 ¢
185 € NOW THE WATER DEPTH GRID INFUT FILE
141 C
142 TYPE 100, ‘$ENTER WATER DEPTH GRID FILE NAME <NONE>
143 READ(S,100) FILE_NAME
144 IF (FILE_NAME .EQ. ’ ‘) GOTO 20
145 CLOSE(UNIT=2)
146 OPEN(UNIT=2,NAME=FILE_NAME, TYPE=/0LD’ ,UEFAULTFILE=*.GRD")
147 €
148 C NOW THE CURRENT SPEED INPUT FILE
149 ¢
150 20 CONTINUE
151 TYPE 100, ’$ENTER CURRENT SPEED GRID FILE NAME <NONE>
152 READ(S5,100) FILE_NAKE
153 IF (FILE_NAME .EQ, ’ ‘) GOTO 30
154 CLOSE(UNIT=3)
155 OPEN(UNIT=3,NAME=F ILE_NAME, TYPE="0LD‘ s DEFAULTFILE=‘,GRD")
156 €
157 ¢ NOW THE OUTPUT FILE NAME
158 ¢ -
159 30 TYPE 100, /$ENTER THE OUTPUT FILE NAME *
160 READ(S,100) FILE_NAME
161 CLOSE(UNIT=4)
162 OPENCUNIT=6+ NAME=F ILE_NAME, TYPE="NEW ' DEFAULTFILE=".0UT")
163 C
164 C NOW THE PLOT FILE NAME
o8t
166 TYPE 100+/$ENTER THE PLOT FILE NAME <NONE> ’
167 READ(S,100) FILE_NAME
168 IF (FILE_NAME .NE., * *) GOTO 10
169 CLOSE (UNIT=9)
170 OPEN(UNIT=9,NAME='NL:DUMMY .PLT,STATUS="NEW"
124 1 CARRIAGECONTROL='LIST’)
172 RETURN
173 10 CLOSE (UNIT=9)
174 OPEN(UNIT=9,NAME=FILE_NAME,STATUS="NEN’»CARRIAGECONTROL="LIST ",
175 1 DEFAULTFILE=',PLT")
176 RETURN
177 100 FORMAT (A)
178 END
001 SUBROUTINE PRTPRM(NPLOT)
002 C
003 C PURPOSE
004 C
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THIS SUBROUTINE PRINTS THE FARAMETERS READ FROM THE
CONTROL FILE., THE RAY PARAMETERS ARE NOT READ AT THIS
TINME.

SUBROUTINES REQUIRED
NONE
IMPLICIT REALE8 (A-H:0-2)

DIMENSION CONTURD(9),CONTURC(?)+EM(4+12)+5(6+6) 2 LONTURC1(?)
DIMENSION C(12)+sE(S)+EX(8)sEY(6)CONTURDLI(9)CX(12),CY(12)

COMMON /PRTCOM/ HTsMXPLOTsNOR'NPTsNAXsNSHINCOsNCCYNXCHAT
1 MM+ NN+ NNSKIF

COMMON /MAICOM/ ALFAyAMMyANNICF+CIN)CNVRSAYCONTURDYDATEL1»DATE2Y
DCONsDELTATsDIRsDY»EMsGRIDyHGTZAKRT10OLsFROJCT
S+SDLTAT+NSK»TT+NWBRKsNBRKUP +NFANYNFLAGR Y
NOLINEs IFLG/MOEsNFLECTNFRACT +NRFLBUYNRFRRUYNROPT

G D)

COMMON /RAYCOM/ BDZsCyCXsCYsDyDELAYDEF»UGDXyDHDXyE'EX1EYyG+GZERD
HGT yAKFCyAKRsAKS+FOTFREVIP1+P2sF3+FP4,FS5»Q0T,G1,
Q2,Q3+Q4,Q5+PU»SVVPDEP»SFREV»GTZERD,
PALFAYSVAVsPGrUs Vs IRGT
NTOREF s INUM» MAXQy NUMT » NOREF

S FV IS B o

COMMON /SRFCOM/ NDsNC+CCONsTTT+ARAYsGRsGT1SARAY»PZ+PZDy
CALFAIPCALFAPARAY »PREVT»SPREVT VT »SVUT,ASYy
2+ZDsBZsKMAX1PXsPY»PTTTPANGLE »PGRIPPCTDyPPCTCXs
PPCTCYsPGT+sSVBZsSVBDZyKNUMT » KRFLBUsKRFRBU»CDGDX>
UMXsAGRyPGAMsPBZyPRDZyFFKIPVPYT

o GIN -

COMMON/NUMCOM/CONTURC
SOME LOCAL THINGS
REALX4 YES,»NOsYESNOs» INCHyCENTIM» INCM
DATA YESsNUOsINCH,CENTIM/'YES ‘»'NO  “»’ IN “»" CM */
REALX8 METRICYENGLIS)METENGYFEET METERS,FETMET

DATA METRICYENGLIS,FEET)METERS/'METRIC '’y "ENGLISH ‘s’ FEET "y
1 * WETERS '/

SET UP UNIT IDENTIFIERS. DEFAULT IS ENGLISH

INCH = INCH
METENG = ENGLISH
FETHMET = FEET
DCON1 = DCON
GRID1 = GRID
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058 CINI = CIN
059 IF (MOE ,EQ@. 0) GO TO 10
D60 C
061 C 40E <> 0 => UNITS ARE HETRIC
062 C
063 INCM = CENTIH
064 HETENG = METRIC
063 FETAET = METERS
066 DCON1=DCON%X0.3048
067 GRID1=GRIDX0.3048D0
048 CIN1=CIN¥3600D0
069 IF (ND .EQ, 0) GO TO 20
070 DO 4000 I=1,NCO
071 CONTURD1(I)=CONTURD(I)/DCON
072 4000 CONTINUE
073 20 IF (NC .EQ. 0) GO TO 10
074 B0 3000 I=1,NCC
075 CONTURC1 (I)=CONTURC(I)/CCON
076 3000 CONTINUE
077 C
078 C FIRST SET OF DATA
079 C
080 10 WRITE(465100) NPLOT,PROJCTI»DATELsBATE2yBIRsMXPLOT»METENG
081 C
082 C THE MEANING OF NPT HAS BEEN CHANGED.
083 C
084 C
085 C SECOND SET. 1IF NPT = 0s» THEN DON‘T PRINT INTERMID. RAY DATA
086 C
087 YESNO = YES
088 IF (NPT .EQ. 0) YESNO = NO
08% WRITE(65200) NOR»YESNOsNSK»CIN1sHT, INCH
090 C
091 C THIRD SET. NAX = 0 => NO CALIBRATE AXIS
092 C
093 YESNO = YES
094 IF (NAX ,EQ@. O0) YESNO = NO
0995 WRITE(69300) YESNO
096 C
097 C FOURTH SET. NSH = 0 => DON’T PLOT SHOR_LINE
098 C
099 YESNO = YES
100 IF (NSH .EQ. 0) YESNO = NO
101 WRITE(6+400) YESNO
102 C
103 C FIFTH SET.
104 C
105 IF (ND .EQ., 0) GO TO 30
106 WRITE(69500) NCO
107 30 IF (NC .EQ., 0) GO TO 40
108 WRITE(69510) 'NCC
109 C

110 C SIXTH SET. IF NXCHMAT = 0 THER READ A NEW CMATRIX
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YESNO = NO

[F (NXCHMAT .EQG. Q) YESNO = YES

sRITE(5,4500) YESND

IF (NXCMAT .EQ. 0) WRITE(69610) MH»NNsIGRID1»FETHET

SEVENTH SET.
WRITE(69700) CNVRSA»DCON1,CCONyNNSKIP
EIGTH SET
IF (ND .EQ. 0) WRITE(4:710) DEF
IF (ND .NE. 0) WRITE(6:720)
IDPRIM = (CNVRSA + 180.0) - (ZD/1.74532925D-2)

IF (NC .EQ. 0) WRITE(6,730) ZyZDPRIM
IF (NC +NE. 0) WRITE(6,740)

LAST SET -- CONTURS IF NEEBDED

IF (NCC .NE. 0) WRITE(6+920) METENG, (CONTURC1(I),I=1.NCC)
IF (NCO .ME. 0) WRITE(4+930) METENG» (CONTURDL1(]),1=1,4C3)

AND SPLIT BACK TO THE SALT MINES
RETURN

FORMAT(‘1WAVUPAK -- WAVE PACKET TRAJECTOURY ANALYSIS PROGRAM V2.0'//
1’ SYSTEM FARAMTERS FOR PLOT NUMBER '+I2y0°317//

2’ PROJECT NAME o vvovvnrosnnsssosrronnssensss "2RE/

31 PROJECT DATE sonsvovssovorsnnssonsnssnnssne "y2R6/

41 PLOT IDENTIFICATION LABEL svevvvvsessernens "1RG/

57 NUMBER OF RUNS TO BE MADE +ovvevesvvnnenens 9137/

6' DATA UNITS 8 0 0 0 0 0 0NN I,AB)

FORMAT ('’ NUMBER OF RAYS TO BE RUN svvvvvsnsnnnnsnens 913/
1’ PRINT INTERMEDIATE RAY RESULTS sivavsssness “1A4/

2’ INTERHEDIATE RAY RESULT INTERVAL «vevenenes 913/

3’ RAY TICK HMARK SPACING ssssvvsssnsnsnsnnsses 9F84s39’ SEC'/
4’ PLOTTER Y=-AXIS LENGTH ssssrvsvrsrvssrsrnoss "1FB.31A4)
FORMAT ("’ CALIBRATE AND LABEL . AXES sisssersvnnssensss “1A4)
FORMAT (' PLOT SHORELINE sevsnvnsonnronssasssassnnsss ‘1A4)
FORMAT (' NUMBER OF SOUNDING BEPTHS sovssnernsnssnnes 213)
FORMAT (’ NUMBER OF CURRENT SOUNDINGS:esessvsvvessass 213
FORMAT( READ A NEW GRID ssssrsrsssenssnssnsssnsssss '1A4)
FORMAT ('’ GRID DIMENSIONS svsvvevosennrresnssenonsnns (

1 213979 91397 )/

2’ GRID SPACING S0 H 0 0 00 0 00 00N EIEEIIEINNIN DYDY '71PE1°037A8)
FORMAT (’ RAY CONVERSION ANGLE ssovvvrnvosvesrnvssvees “9FBV3/
1’ WATER DEPTH CONVERSION FACTORssevsvsssssnss ‘91PE10,3/

2’ CURRENT SPEED CONVERSION FACTOR sevvvvveens “91PEL10.3/

3’ SOUNDING INCRE"ENT S I T S S ST ST SRS (K
FORMAT(’ WATER DEPTH GRID SPECIFIED suvvvvnesnnsnses NO'/
1' UATER DEPTH CONSTANT I S I I I I I I ) ,71PE1003)
FORMAT (’ NATER DEPTH GRID SPECIFIED sssssosvenesness YES')
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FORMAT ("’ CURRENT GRID SPECIFIED sovvvvvennnvsssesses NO/
1’ INITIAL CURRENT SPEED LI R B O 2 O O I D O I I’IF‘EIOOS/
27 INITIAL CURRENT DIRECTION vovvvvvvveeess “11PEL0.D)

FORMAT(” CURRENT GRID SPECIFIED vovvvrvnennanovssnss TESH

FORMAT (“OSOUNDING CURRENT SPEED (“sréy ") //543?F10.2)

FORMAT( OSQUNRING WATER DEFTHS (’»RAbés’ )i //6X»9F10.2)

END
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] Y CHAPTER IV USING TEEZ COMPUTER PROGRAM
{ 4.1 Preparation of the Water Depth Grid. Once a coastal area is selecred
) Zor making wave forecasts a water depth grid must be prepared. Details
) with numerous llluscracions £or prepariag water degch grids are giwan o
! Wilson (1966). It is necessary to obtain charts of the region of interest
E containing sufficiently detailed bathymetric information.
T A water depth grid is rectangular in shape. The value of x varies between
k. 0 and AMM while y varies from O to ANN. The values of AMM and ANN are defined
'y by
]
AMM = MM - 1 (4-1)
ANN = NN - 1 (4=2)

where MM is the number of water depth values in a v-column and NN is the number
of columns. The value of MM must be an integral mulciple orf 19. f another
& number is preferred the format statement in the computer program used to input
QS% the water depth values must be changed. The maximum values of MM and ¥N depend
upon the storage capacity of the computer. In the computer program presented
in this report the values of MM and NN are assumed not to exceed 120. If
the grid requirements exceed the storage capacity of the computer the coastal
region of interest can be divided into several overlapping grids.

The xy-coordinate system is right-handed with the x-axis usually extending
seaward. The direction of the x-axis with respect to true north is defined
as CNVRSA. The use of CNVSRA makes it possible to define the input and output
wave directions with respect to true north.

The distance between water depths in the x~ or y-directions is a grid
interval or grid unit and is denoted by GRID. This distance must be small enough
for the water depth grid to describe adequately the bottom topography. ILf it
is desirable for rays to start in deep water the grid must extend at least
several grid units seaward of the deep water depth of the largest wave period
of interest. In this report deep water is defined as any depth greater than
0.64 A, where A, is the deep water wavelength. This definition of deep
water 1s chosen since the group speed is nearly invariant for greater water

i B o

v .-l " _"

-

r. depths in the absence of currents.

ﬂ To determine the location of the water depths to be read from a chart

- lines can be drawn on tracing paper parallel to the x- and y-axes of the grid
. and separated a distance equal to a grid unit. The tracing paper is placed

] on the chart and water depths are estimated for the points defined by the

i intersection of the grid lines. The water depths can be recorded in any

i system of units.

Q One of the program options is to have the shoreline drawn on a plot.
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e e T P U B T DR 8 o8 D U P B A U N P NI a A - 0 _.4




B0 Aan e o o b mie mon e n a e — -'._“"‘7

In order for the location of the shoreline to be computed it is necessary to
determine negative values of water depths for at least two grid points land-
ward of the shoreline. The negative values are determined bv drawing the -

:‘ reflection of water depth contours orn land with respect to the shoreline. s
}: Ze 0 wakier eesithls cam e nsed £ty £iil cut a columm Eofr Dric zoimts moTel cRan

E‘ two grid units landward of the shore.

3 4.2 Preparation of the Current Grid. The currenc grid is prepared in

= a similar fashion to the water depth grid. The current zrid contaias both

the X- and y-~components of the current. The x-~component current values
< follow the y-~component values. The component values of the current can be
either positive or negative, depending on the nature of the current. Both
the X~ and y-component values in the grid must have identical values of
MM and NN. Any system of units can be used to record the current. As in the
case of water depths, the grid unit spacing is denoted bv GRID. 1If there is
both a water depth grid and a current grid, the values of MM, NN, and GRID
must be the same for both grids. It is not possible to determine a shoreline
for a current.

4.3 Preparing a Computer Run. The way in which data is prepared for

8 9

a computer run is illustratad on the codinz form in Figure (=s-1). Eight
tvpes oL computer cards are used. The columns available Zor <ach parameter
are outlined b~ rectanzles. The positions of decimal poircts Zor real

numbers are indicated. 1If thers is no decimal point the number is an

integer and iIs placed in the rectangle as far to the rizht as possible.

The input parameters must appear on each card as shown, and the card tvpes

must be in the order indicated. P

For the first tvpe of computer card, MXPLOT is the number of runs for
a given operation of the computer program. The PROJCT is a 6-character
label of any combination of letters and numbers. The label can be used,
for example, to indicate a project number. An alternative use is to identify
which water depth grid is used for the run. It appears in both the printed
output and on the plot. DATEl and DATE2 are used to date the run. DATEl can
be used for the year and the month in the form ZZ/YY/. DATE2 can be used
for the day in the form XX. The DIR is another 6-~character label of any com-
bination of letters and numbers. This label appears only on the plot. One
possible label is WAVPAK, which can denote that wave packet trajectories
are presented. If the rays have a common initial direction, DIR can be
used to indicate that direction.

The number of rays for a given run, NOR, is input on the second type
of computer card. The values of NPT and NSK determine the amount of printed
output. If NPT is zero there is only one line of printout of the ray particulars
for a given ray point. If NPT is not zero there are two lines of printout
of the ray particulars (described in the next section). Printout occurs for
the first ray point, those points which are an integral multiple of NSK,
and the last point. The value of HT is the length of the y-axis of the plot
in inches or centimeters. If CIN is not zero tick marks are placed on the
rays at equal intervals of travel time given by the value of CIN in seconds.
If no tick marks are desired CIN is zero.

The x~ and y-~axes of the plot will be calibrated and labeled if NAX is
not zero. If NAX is zero the plot borders are drawn but the axes are not
calibrated. The shoreline is drawn on the plot if NSH is not zero. If the
shoreline is not desired NSH must be zero. In order to have a shoreline
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there must be a water depth grid (CMAT). It must be prepared for a shoreline
as described in Section (4.1). The number of sounding water depths for a
plot is NCO. There cannot be more than 9 sounding depths, and they are input
on the CONTURD computer card. TIf NCO is zero there are no sounding denths;
in this case the CONTURD card must be ramoved Zrom the ifuput. In the same
manner, NCC is che aumber current speed contours Ior a ploc. The ceontour
values are input on the CONTURC card. Up to nine values can be placed on

the card. If no current speed contcours are desired the CONTURC carcd must not
aopear in ghe iazuc apé ¥EC musk =qual zere. iIhe value of MUSKI2 is ghe
amount by wnicn v is incrementec in selecting columms for locating wacter

depth and current speed contours. For example, if NNSKIP is 15 and NN is 64,
sounding water depths are located for the 2, 17, 32, 47, and 62 y-columms.
Current speed contours are located for the 4, 19, 34, and 51 v-columms.

I: a water depth grid, a current grid, or both are to be read in the
input for the computer run the value of NXCMAT is zero. If NXCMAT is not zero
the grids for tne previous run are used again. This situation can arise if
MXPLOT is greater than one, If Englisn units are to be used in the input and
output MOE is zero. II MOE is not zero Metric units are used.

The third tvpe of computer card contains the input dimensions for the
water depth grid. A description of the quantities MM, NN, CNVRSA, and GRID
are described in the previous sections of this chapter. The angle CNVRSA
is given in dezgrees and GRID is given in feet or meters. The value of DCON
is chosen so that the product of DCON and a water depth in CMAT vields a
value with units of feet or meters.

A water depth value in feet or meters is reac in the input as DEP.

This value determines the water depth for a current grid if there is no water
depth grid. 1If there is a water depth grid the value of DEP is replaced

by values determined from the water depth grid. If a water depth grid

is to be read in the input ND must equal one. Otherwise ND equals zero.

The value of CCON is chosen so that the product of CCON and a component
current speed value in the current grid produces a value with units of
feet/second or meters/second. A current speed magnitude can be input as
Z and the current direction as ZD. These values represent a constant current
to be used with a water depth grid provided there is no current grid. The
values of Z and ZD are replaced with values determined from a current grid
if one exists. If a current grid is to be read in the input NC must equal
one. If NC equals zero no current grid is read.

The fourth type of computer card is used to input the water depth grid
(CMAT). The units of CMAT determine the value of DCON. There are 16 water
depths on each card. The water depths are entered column by column starting
with the first colummn. There are NN columns. In each column the water
depths are entered starting with the land values, if any, and proceeding sea-
ward. There are MM values per column. The format for entering the water
depths does not include numbers beyond the decimal points. Near shore it
may be desirable to record water depths to the nearest tenth of a foot or
meter. On some computer systems it is possible to enter data routinely in
this form with the indicated format for CMAT being overridden. If such a
capability is not available it may be desirable to alter the format statement
for CMAT in WAVPAK,

If NCO is not zero the CONTURD computer card is used to input the sound-
ing water depths in feet or meters. The number of sounding depths must agree
with NCO which should not exceed 9. If NCO is zero the CONTURD card must

be removed.
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The current grid contains both CURX and CURY, and it appears as input
on the sixth type of computer card. The CURY values precede the CURX values.
The numbers are placed on the cards in the same manner as described for the
CMAT cazards

ihe sSewenth £@pe Oof computer card is SUNTURC. &ne iz conteins che
curreat speed contour values in feet/second or meters/second. The aumber orf
contcur values must de equivalent to NCC. There cannor de mere than ¢ ltes.
The CONTURC card must not appear in the inpur if NCC i3 zerc.

The eighth type of computer card is used zo input the parciculars fcr
each ray. There must be as many ray cards as declared in the input for NOR.
The initial time step interval between ray points in seconds is DELTAT. The
initial wave period in seconds is TT, and X, Y are the initial ray coordinates.
The initial ray points should be at least two grid units from a grid boundary.
The initial wave packet and wavelet directions are A and AV, respectively.

The directions are in degrees and are the directions from which the waves come
with respect to true north. The initial wave height in feet or meters is
HGTZ.

The friction factor is CF. The value of AKRTOL determines the accuracy
of the calculations of the refraction coefficient with the exception of
near reflection points. As a general rule, if accuracy is required to the
second decimal point AKRTOL is 0.01. If accuracy is desired to the thir
decimal point AKRTOL is 0.001.

To continue a ray bevond a reflection point MROPT is set unequal to
zerc. If NROPT is zero a rav is stopped at a reilection point. A& test is made
to determine if a wave breaks if NWBRK is not zero. If NWBRK is zero there
is no test to determine if a wave breaks. If the ray is to be numbered at
its terminal point NFAN is set unequal to zero. A group of rays should be
numbered at their terminal points if they have a common origin. If NFAN is
zero the ray is numbered at its initial point.

A sample of input data for a computer run with 6 rays is shown in
Figure (4-2). Since the water depth contours are parallel, only one of the
64 columns of water depth values is shown in the rectangle labeled CMAT. The
current speed contours also are parallel. The rectangle labeled CURY shows
the current values for a columm. The CURX values, which also must appear
in the input, are all zero. Computer outputs for these data are presented in
Section (4.6). Therefore, if desired, these input data can be used to check
the computer program.

[V

4.4 The Printed Output. At the beginning of each printout is a summary
(Figure (4-4)) of the input information common to all the rays. The next thing
that appears in the printout is the page heading. This contains the PROJCT,
date, plot number, input wave period, rav number, input time step, friction
factor, and AKRTOL. If at the first ray point this is followed by a state-
ment denoting whether English or Metric units are used in the output. The
column headings appear next in the output. Beyond the first point of a
ray the page and column headings occur after every 50 lines of additional
printout.

The column headings identify the ray particulars which appear in the output.
They contain the ray point number MAX, the ray coordinates X, Y, and the water
depth DEPTH in meters or feet. The current speed CUR:SP is in meters/second
or feet/second, and the current direction CUR:DI is in degrees. The Doppler
shifted wave period appears in the output as PERIOD. The ray, wave packet,
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and wavelet directions are denoted, respectivelv, bv RAY, PACK, and WAVE.
These are the directions in degrees from which the waves come with respect
to true north. The geometric group speed is given by G, and the rav speed

)

A\ is specified bv GR. The units are in meters/seccnd or feet/second. The

T
'

wawe heizhe is hu; in merters or Zz2ez. The shoaling coelli:
5w X5, and XI reprasents che Iriction coeriicient. Ths ve
is defined by KR.
There is an additional line orf printout irf NPT is unequal to zero. This
tine contains Iourcteen rawv carcziculars. The anglie in degrees by which che
x'v'-coordinate syvstem (water depths) is rotated with respect to the positive
x-axis for computations is given by ROTAT:D. An estimate of how well the
computed water bottom surface fits the actual water depths is given by PCT:D
(see page 539). The smaller the value the better the fit. The angle in
degrees by which the x'y'-coordinate system (currents) is rotated with respect
to the positive x-axis for computations is denoted by ROTAT:C. The quantities
PCT:CX and PCT:CY are estimates of how well the surface fit derived x- and
v-component current values, respectively, agree with the actual values
(see page 39). The speed of the advected group front is GT, the conventional
gcoup speed is U, the phase speed is V, and the speed of the advected wavelet
front is VI. These speeds have units of meters/second or feet/second. The
ray separation factor is specified bv BETA, and the time derivative of the
rav separation factor is given by DBETA/DT. The type of time step breakup,
should one occur, is shown as BRK UP. If the breakup is to maintain accuracy
in the rerfraction calculations, BETA appears in the output. If the breakup
is to xeep the change in PACK to less than one degree between successive rav
points near a reflection point, REFLECT appears in the printout. The number
=y of intervals the input time step is divided into is denoted by NO. Finally,
‘. the wave packet ray curvature is given as CURVATURE in radians per grid unit.
The travel time along the wave packet trajectory does not appear in the
output. However, it can be determined by subtracting one from MAX and
multiplying the result by the input time step.
The ray particulars are printed out for the first ray point, those points
which are an integral multiple of SK, and the last point. Printout occurs
for a reflection point should one occur. Note that the number of ray points,
NO, which occur when there is a breakup of the input time step interval is
not counted in MAX. There is no printout for ray points which occur within
a breakup.
A number of descriptive printouts appear with the ray particulars
when certain types of calculations occur or when a ray terminates. If the
packet ray curvature has not converged after fifty iterations the ray
curvatures of the 48th and 50th iterations are compared to see if they are
nearly the same. If so, the ray curvature is assumed to have converged to
two values. This would happen if estimates of the new ray point alternate
between two grid cells. For this situation, the average of the ray curvature
averages for the 49th and 50th iterations is determined and is used to locate
the next ray point. When this happens the following type of printout appears.

(1) MAX= 123, PACKET CURVATURE AVERAGED

If NSK > 1 this descriptive printout occurs even if there is no printed output
of the ray particulars.
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When there is a reflection one of three types of descriptive printouts
occurs (Sections (2.1), f and g).

(2) MAX= 123, REFLECTION: SNELLS LAW WITH PHASE VELOCIT
(3) MAX= 123, REFLECTION: PACKET CURVATURE ITZXATION NOT CONVERGING
(%) MAX= 123, REFLECTION: NEAR REFLECTION POINT

The ray point where one of these three descriptive printouts occurs is the
last ray point if NROPT = 0.

When a ray terminates one of the following descriptive printouts can
appear in the output.

(5) DIMENSION OF OUTPUT-ARRAYS EXCEEDED

(6) RAY REACHED SHORE

(7) RAY REACHED GRID BOUNDARY

(8) PACKET CURVATURE ITERATION NOT CONVERGING
(9) CAUSTIC OR FOCAL POINT
(10) WAVE BREAKS
(11) REFLECTION HAND-UP
(12) BREAKUP TIME STEP LESS THAN 0.5 SECOND

Printout (5) occurs if the sum of the number of ray points and tick marks is
equal to or greater than the array dimension MMAX. Printout (6) is obtained
if the water depth becomes zero or negative. Printout (7) results if the ray
point is within 1.5 grid units of a grid boundary. The conditions for a
reflection point are not satisfied if Printout (8) occurs. Printout (9)

is produced if the ray separation factor becomes less than 0.0001. The con-
dition for Printout (10) is given in Section (2.5). Printout (11) is obtained
if there are successive reflections at the same ray point. Printout (l2)

can occur if the calculation time step becomes too small in either calculating
the ray path near a reflection point (Section (2.1), f) or in calculating the
ray separation factor (Section (2.3), c).

4.5 The Plots. Each plot contains a label consisting of PROJCT, the
date, the scale factor, the time in seconds between tick marks on a ray, if
any, the plot number, and DIR. If NAX # O the axes of the plot are calibrated
and labeled. If NSH # 0 the shoreline is drawn. Each ray is numbered. If
FAN = O the number appears at the initial ray point, and if FAN # O the ray
is numbered at its terminal point. If NCO # 0 sounding water depth values are
labeled. A 'D" appears after the number to indicate a water depth. IZ NCC # O
current contour values are labeled. The number is followed by a "C" to
signify a current value.

4,6 Examples of Computer Output. Several computer runs were made using
the data presented in Figure (4-2). The six ravs shown in the figure were
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determined for the given water depth grid (CMAT). Each column of CMAT is
the same as shown in Figure (4-2). A plot of the rays appears in Figure (4-3)
Figure (4-4) shows a summary of the input parameters which are common to all
< the rays for this run. Figures (4-53) through (%-10) contain the printed
output for the six rayvs The axamples illustrate ravs begianing both at an
incermediaca water depch and in deep water. Thres different ware periods are
considered. The second ray undergoes a reflection (Section (2.1), £ and
Section (2.3), d). TFor the last two ravs the friction factsr is assumed to
Se zero. Tick marks and sounding water depths are shown on the -~loct.

The first and last ravs for the data shown in Figure (--2) were computed
for the given current grid. Only the values for a column of CURY are shown.
The CURX values are all zero. Figure (4-11) is a plot of the rays, and the
printed output is presented in Figures (4-12) and (4-13).

For an additional comparison, the first and last rays in Figure (4-2)
were computed for the given water depth and current grids. The resulting
plot is seen in figure (4-14), and the listing of the ravs is given in
Figures (4-15) and (4-16).

In Figure (4-17) the period of the wave packet trajectories is 14.0
seconds and they begin in deep water. The water depth contours are sinusoidal
with an amplitude of 5 kilometers and a wavelength of 20 xilometers. GRID
has a value of 312.5 meters.

This example is quite interesting since there is decidedlv more energv
in the bav than at the headland. The opposite result would be expected for
monochromatic trajectories. The refraction of wave packets could explain why
there is more erosion in bavs than at headlands for some coastlines. Figures
(4-18) through (4-20) show the printed output for ravs number 4%, 8, and 16,

&2 respectivelyv, of Figure (4-17). The computed refraction coefficients agree
‘57 favorably with values estimated from the plot.

Figure (4-21) shows a portion of the Gulf of Mexico off the southwestern
Florida coast. A water depth grid was prepared for this region with GRID =
14886.2 feet (4.537 km) and CNVRSA = 180°. a ray plot for this region is
shown in Figure (4-22). The first two rays start at an intermediate water
depth, whereas the remaining rays begin in deep water. Figure (4-23) dis-
plays printed output for the first portion of ray number 1. Since the
water depth contours are not parallel there is a variation in ROTAT:D.

Ray number 2 has a reflection. Figure (4-24) shows a listing of the
ray particulars near the reflection point. The wave packet and wavelet angles
in the xy- and x'y'-coordinate systems are defined by Equations (3-1), (3-2),
(2-111), and (2-112). At the reflectlon point the angles in the xy-coordinate
system are gia= 775 722° and YC 2050° In the x'y'-coordinate system
2" = 2.21°% and v' = 89.49°

Ray number 12 1llustrates the importance of examining the ray particulars
in the printout. Figure (4-26) shows the printed output for this ray. A
message in the output states there is a reflection. However, a reflection is
not likely since DEPTH, &', ', CURVATURE, and G do not exhibit the behavior
characteristic of a reflection. At the ray point where the reflection is in-
dicated 8' = 115.33° and ¥' = 117.07°. This false reflection is the result
of a large change in ROTAT:D between successive ray points. When this occurs
the water depth grid is not sufficiently detailed to adequately represent the
changing water depth contours.

Figure (4-25) is the printout for ray number 6 of Figure (4-22). This
is an example of a ray which reached shore.
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PLOT FOR SAMPLE INPUT DATA FOR WATER DEPTH GRID

Figure (4-3).



Ei‘ e WAVFAK -~ WAVE FACKET TRAJECTORY ANALYSIS FROGRAM V2.0
N,

1 SYSTEM FARAMTERS FOR PLOT NUMBER 1%

PRO\JECT NA"E S 0 0 0 0 0 0 0 0 0 4 2 e PAR'Z
PRO\JECT DATE LI SN I I I S K I TN BN TN R IR N N N NN N B N B B N B N AN 82/09/15

PLOT IUENTIFICATION LABEL sevvevrorrerrsess WAVPAK
NU“BER DF RUNS TO BE "ADE L 20K 2O 2NN IO I O DN DN O BN 2 B O N B ) 1

DATA UNITS L 20 I I T N I I DAY N O 2 I I B B K I N N DN NN DN B N RN N N AN 4 ”ETRIC
NUMBER OF RAYS TO BE RUN svvereresrvrverenn )
PRINT INTERMEDIATE RAY RESULTS ¢¢seeeveveee YES
INTERMEDIATE RAY RESULT INTERVAL +ssevsreees 10
RAY TICK HARK SPACING NN I R K B K DN N R Y L INE NN N BN B 3000000 SEC
PLOTTER Y_AXIS LENGTH L I I D R DN BN DN B T D NN N NN B B B 60000 IN
CALIBRRATE AND LABEL AXES s vesreverersessee YES
PLOT SHDRELINE [N K BN N B Y N N B A 2 B 2 I B D O B O B YES
NUMBER OF SOUNDING DEPTHS +sssreesevrrosnenn 4
READANE“ GRID L2 2N TN TN B IR K N B N I DN TR T I O D O O A A 4 YES
GRID DIMENSIONS LI N I I SN S N A K O B O I 2 O B O B B B B BN B 24 ( 64’ 64)
GRID SPACING O 8 4 2 2 0 2 0 e 20286E+02 nETERS
RAY CONvERSION ANGLE L2 2N N B B I NN NN NN NN NN JNE N NN NN BN N B BN 2N N J 1800000
WATER DEPTH COUNVERSION FACTOR:seseseveseses 3,048E-01
= CURRENT SPEED CONVERSION FACTOR +se¢svseeese 1,000E-02
w SDUNDING INCRE"ENT L I I TR I I I B B I O B O O K I BN O 2N ) 15
NATER DEPTH GRID SPECIFIED L 200 NN IO I DN N L DN B N INY IR I B N YES
CURRENT GRID SPECIFIED ssvvvvssvereeseeenes NO
INITIAL CURRENT SPEED sevsevrvesssssesres 0,000E+00
INITIAL CURRENT DIRECTION «¢sovvevsverese 2,700E+02

SOUNDING WATER DEPTHS (METRIC):

100,00 200.00 300.00 400.00

Figure (4-4). SUMMARY OF INPUT PARAMETERS COMMON TO ALL RAYS
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PLOT FOR SAMPLE INPUT DATA FOR WATER DEPTH AND CURRENT GRIDS

Figure (4-14).




A7
L ’ -w
3
*
) SUTHD LNGAND ANV HIJIA AALVM MOd VAVA LDANT ITINVS 40 1T S49WON AVH 804 9ONIILSII "(G1-%) @andyy
4
4 ! 0043000°'0 ¥ C0-364S°T- VLS6°0 ATI*IE A1°1Ef 09°ST 60°¥T 00°466 00°666 00°081- 10°'0 S0°0-
0220'1 2188'0 G088°'0 888 &'kl Ab'VL OI°TV 1V 41 v 61 0000°'0C 00°'0LC 0000°0 80°4b¥ 846°1F 88°19 1zt
3 AYVANNOA GI¥9 d3HIVIN AV
0043000°0 ¥ C0-366G° T~ tLS6'0 &T°TE 6T°ITf 09°Gl &V'b1  00°666 00°666 00°081- 10°0 ¥0°0-
02201 ' 2188°0 G088°'0 88.(t'¢C v°'vT  Ab°'VT OT°'TV 1V 61 Ty 41 0000°0C 00°'0L2 0000°'0 L9°Svh | ASF4 4 v 19 (A !
00£3000°'0 ¥ CO0-364S°T- VLG6°'0 AT*TE AT1°'1IE O09°'ST &F°v1 00°666 00°6686 00°081- 10°0 ¥0°0-
02¢0'Y ¢80 S088°0 88.(t'¢ Sv°kT  4V°FT O1'IV [LANY L AN 0000°0Z 00°0LC 0000°0 6% 11¢ | JAR Y 4 {8°'9G 011
3 v0-3/0b°'E 1 CO-3TVG*'T- B4GH'0 QT°IE 9T°IEL OL°'ST O09'V1 00°'666 00°'666 00°081- 10°0 ¥0°0-
£020°1 218 o (80 vL98°C  09't1 09°'¢1 80'1V v 61 (b'81 0000°0Z 00°'0L8 0000°0 12° ULt 9€°Sh 0g£°'¢S 00t
£0-3t89°'1- 1 G0-3£G4'1- 1¥96°0 8S'0f 98°0f Z9°ST Fb'¥1 10°0 00666 00°081- 10°0 £0°'0-
¢810°T c188'0 1¢88°'0 8vif°e Sv'v1 8G'vI 8c°'0b 0£°41 99°¢L1 9818°61 00'0L2 62EV'0  9L'CvE ¥6'9% (TANA 06
¥0-3668'8- 1 G0-329C 1~ IB76°0 99'4C (£°'0f (¥'ST 81°%1 10°0 00°666 66°6L1- 10°0 £0°0-
£910°7 cingto 1048°0 v16g°C Zc'vl SG'tv1 vB8°'8f G4°'81 09°'%1 v62S 61 00°0LC 96E1°1 (£'80¢ 92°8¢ el sy 08

90-3CV1°S- 60L6'0 66°8C 46°6C (L¥°ST OT°'v1 10°0 00°666 66°6L1- 10°0 £0°0-
IG10*1  Z188°0 (248°'0 9G6£°'C BI'V1 £9°'vI 18°/f 98°81 4S'C1  BOFE*6T1 00°04Z  OLE9'T  8B°'€LT  (L£°'6F IS°BE 0L
1 90-3201'%_ 90£6°0 1S°8C (9°6C ¢9°S1 SGZ°'v1 10°0 00°666 96°6(1- 10°0 €0°0-
IST0°T 21688°0 1888°0 1€8f°C 9£°%1 88°bI 90°LE  OV°6T  ¥8°I1  &L1C°'6T 00°0L2  6WZ6°T  vO'6EZ  9£°0S /8°tf 09
S0-3089'T 0896°0 ¢1°8C O0f°*6C 90°91 TL°v1 10°0 00°666 91°0- 10°0 c0'0-
v910'T  £188°0 8£/8'0 Z8¥E'C £B°VI  6E°ST GH'OF  AL'ET  9G°ZT  GOAT°ET 00°0LC  1966°'T  9¢°f£0C  8BE£°I1S  f£1°6C OS
GO-3f/E'E 8I96°0 £9°4C 0/°8C ¢8°F1 19°S1 10°0 00°666 20°0- 10°0 c0°0-
L6T0°T  9188'0  £8v8'0  /£8Z°C  VL°ST (291 89'GE  40°1Z  £6°v1 £SGZ°AT 00°0/Z  1e£8°1  GS*991 9G2S 1Z°kC  OF
S0-38v9°'F  FIS4°0 99°9Z vl 18'L1 £6'91 10°0 00°'666 10°0- 10°0 10°0-
¢SZ0'T 9288°0 /(vI8'0 vIIZ*C B84°'91 B¥°L1 ZC°'vE  T0°f¢ 84°81  08Zv 6T 00°04C BG6E°T  9G°/ZT  T1°4S  T10°61 Of

<«
(=]
]
59]
—
@
~M
-
-

m m ™M
S0 o ?
WO L ML
bl
<< OON 0D v
M ey) e
oD e D o
o Vv m
=N ot (N vt

£0-3200°C 1 S0-3C8b°1 ICk4°0 wb'vZ B8/°bZ Tv°8T £0°81 10'0 00°666 00°0 10°0 10°0-
£0£0°'T  0988°'0 G48L°'0  A191*'Z  v0'8T O£°'8I OI‘'IE g9've 8L°TC  90£L°4T 00°0/C OFv9°0  85°98 £1°9S ¥S'E1 OC
¢0-30v9°1- T V134 v0-38Sk' 1- B85G46°'0 ©S*AT ¥G*'AT L°'91 EL'91 00°6466 00°666 00°0 10°0 00°0
6220'T  £006°'0 G418°0  4E£92°'T  £L°91 E£L'9T 99'VZ B89*'Z¢  SS'IT  0000°0Z 00°0LZ 0000'0 SL'Sk ¥5°86 o1°'8 o1
€0-38(k°S- 1 v0-3861°'C- 0000°T 2Z8'TT 28'IV ¥C'I1 wC'IT 00'686 00°666 00'0 10°0 00°0
0000*T  0000°T 0000°'T  Q000°'ft ¥g°'IT WVC*TT 00°ST 00°GT 00°GT 0000°0C 00°'0LC 0000°0 00°ST 00°09 O0°F¥ 1
- uguz:wcpzmw ON 4N N¥d  lu/vi3dgy v134 1] 0 n 19 AJ413d XJ:13d4 DIVION 03134 UlLviO

19H 39 9 3nun Nvd AvY  00I¥34  TOyND  JSYND HLd3a A X X
*(UNOJIS/Y3LIH) LAASNE194¥T49  *(Y313W) 19HCHI430 °SLINM JIYI3H NI ST 1NdLn0 wm

000100°'0="1014% ¢000001°'0=4D ¢00°SZ =1V¥1730 4T °ON AVY 4°12350°0Z =d0IY3d ¢T °ON 10V g Sis/60/28 ¢ JWad ‘ON 12370




SO LNRND ANV LD MLV MO VNG LIBENE T TARVS 40 2 YA9NAN AVY M0d ONELSI'L  °(91-%) 2an314

m 10-36¢9°6 8 VY134 VO-3£/8°C 10ZS8'T  £9*'1  (9'V  £(9'1 99°'1 00°666 00°666 00°0 00°666 00°0
. T118°0  0000'T  SAb6*C  89L1°L  99'1  99°T  GB8*181 2ZZ°'v81 OF°¥BY1 0000°41 00°04C 0000°0 8C‘0 96ty ¥0°C 8t
g - JYOHS @IHIYIY AV

10-3£21°T v vl b0-382£°6 <LV SZ°01 G2'O1 ¢&/L°6  CS'6 00°686 00°666 00°0 10°0 00°0
vZs8'0  0000°T  Z2fte'l  SESI'E  26°'6  25'6 9I°t61 £8B'v0C 80°S0C 0000°ZY 00°0ZC 0000°0 1f° 11 1 A0 N 2N 00 o1t
¢0-3(v8'C ¢ VI v0-36£9°'9 0C91'T £E°LT E£F°LY 09°'FD S0'VT 00°666 00°666 00°0 10°0 00°0
LL26°0 0000°T  /£10°'T  2¥¢B°C  40°'v1 60°WI O01°'F0Z O0£°BIC 0G°8ICZ 0000°/V 00°'0/C  0000°0 99°9% 6C°1y  68'9 001
¢0-3/¥1°'1 8 vi3d VO-3/GY'E  SEVO'T 9k TIZ IW*'IZ 06°ST E£G°ST 00°6466 00°666 000 10°0 10°0-
06£6°0 0000°T  9596'0 09£8°¢c  £6°'ST 9b° sl ££°400 £6°'22C GC'EC SOVO°/LY 00°04C  Te01°0  69°09 vo'8f £9°01 06
£0-301E°% 1 vO-3I9V T %600 9E°WC E6°ET £0°91 92°91 10°0 00666 G0°0 10°0 10°0-
SIT0*T  0000*T  /Eb4°0  /£E9B*C  £Z'9V TL'ST 98°'FEIC SGE°GEZZ £E£°/TC OLOE*LV  00°0LT  LSLL°0  9'Ch GZ've  SE°vl 08
v0-319¢€'S 1 G0-3199°9 88k6°0 (2*'9C 0S'SC 0L°'ST f£v'91 10°0 00°666 10°0- 10°0 10°0-
99¢0°T  0000°T  88£6°0  ¥IAB*C  Sv*91 IG'ST (£6'91Z £0°'92C <2T°6ZC VCIS'LV 00°0/C  ¥BLZ'T  06°611  BI*OE  66°L1 0L
" £0-3181°1- 1} S0-3I9v° T G6£6°0 £5°/C 0S8'9C 6C°'ST 9£'91 10°0 00°666 10°0- 10°0 10°0-
e/ LIE0°T  0000°T  60v6°0  T2T6°C  O¥'91 BI'Sl /0°61C 68°Gec (B'62C ¢cv99'LT 00°04C  SZTv9'l  8S'9v1  10°%¢  #S°1c 09
£0-3050*¢C- 1 G0-3020°1- £6£46°'0 2£°BZ O01°/4C 06°'V1I L1'91 10°0 00°666 £0°'0- 10°0 c0°0-
BIE0'T  0000'T 29%6°0 B8BC&°C £C°*91 ¥B'vI BL'02Z 9E£°STC 648°6ZC BTL*LV 0004 0£48°1 08°CLV  ¥B°'IC  ¥0°'SC 0§
£0-3169'¢- | G0-3C19'¢C- 6EV6'0 G/°BC Sk°L2 £S°¥1 W6°ST 10°0 00666 01°0- 10°0 c0°0-
£620°T 00001  T£G6°0  ZEWS'T 00°9T  S*v1 ZI'ICC £9°WeC  £9°6CC 0018°/1 00°0/¢  £886°1  9.°B81  £L°(1 0S°'8C OV
£0-3092'¢- 1 GO0-3ZP1°'b- £TS4°0 14°8Z 09°/2 I£'vl 99°'S1 10°0 00°'666 ¢6°641- 10'0 €0°0-

LV20'T  0000°T  SI96°0 BSGA°C  E£L°ST  6C'vl (£°'1CC ££°£CC 06°8ZC S908°'L1 00°0/2 6086°'1  65°veC  ¢L°fl G6'1f  Of
£0-3£86°F- 1 G0-31S8°'G- 8v96'0 ¢8'8C 09°4C 40°'FI VE'ST 10°0 00666 B4°6L1- 10°0 20°0-

1810°T  0000°T  9146°0 V/96°C OV*'ST 80°Vl ZC'12T V9°Cel (9°(2C LISL*'L1  00°0LC  wvSB'1  wb°0SC  ¥8'6 6£°'SE  0¢
’ £0-3258°%- 1 G0-392G6'L- 9186'0 £6'8Z 8¥'/C 68°El 96°'v1 10°0 00°666 66°6L1- 10°0 £0°0-

v400°T  0000°T  4£86'0 ¥646°C 00°ST 4B'F1 TL°0ZC SE°*TCC 04°GZZ 98v9*LY 00°04  9L09°1  Cv*9LC  ¥vI*9 98'8L 01
£0-3/bV G- 1 G0-3/28'8- 0000°T &1°82 1£°4C 99'tl 8¢yl 10°'0 00°'666 66°6L1- 10°0 £0°0-
0000°T  0000*'F  0000°T  0000°'f  IS'VI 99°Ff1 00°0¢Z 00°0ZC 00°0CZ TCIS*LY 00°0LC 00BC'1  66°66C 00°F% 00‘cy 1

NLYAIND  ON 4N Myd 1d/v1384 Y134 16 0 n 19 AJ:12d XJ::34 JAVION  0ildd dlLviDY
L)) E) SN 19H 39 9 nvh NJvd AYY  10I¥34  [aidnd  d4Siym Hid3a A X XYW

*(ANOIIS/YALIDUANNL94Y9¢T (YL LGHCHI43T °*SLINA JIYLIN NI SI LN4INO 3L

000100°0="T1004% ¢000000°0=40 ¢00'SC =1¥1730 ¢¢ °‘ON AVY ¢°3350°'/1 =00I¥3d ‘1 °'ON 10W d C1/760/28 ¢ Jvdd °'ON 123royd




iQ 20 30 40 S0 80 70 80 an
JALULE b R b LIty abistiaeiny!

0

oe ol

0¢
goot

X
ov

aooc
T
s

gooe

0S

09
000!
800+

04
aooy

aoog

rllljllllllll:15511111111llllllllllllllllllllllllllllllllll PERLERLERR AR Ly

aooe
|

[

¢

4

5

9

L
g

b
ot
Lt
A
ol
bl
Sl
0gQqe
21
8l
6t
0e
e
ee
£e

06

Figure (4-17). PLOT FOR SINUSOIDAL WATER DEPTH CONTOURS
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Figure (4-22). PLOT OF RAYS OFF THE SOUTHWESTERN FLORIDA COAST

PREST WAL S WP UL U G W DA TR I U U DA BT 8 G R T D DS © DL SO L . Y ne a R




1--I-IIlIIlllIIl--II---lllllllllll--lllllllllllllllllllllllllllllllllllllqllllllllllllllllll

1 ¥

(ZZ=%) A1 NI [ HA9HON AVE HOd4 ONLLSIT IVLINVA  “(g7-%) 21n3}4

00+3000°0 1 90-3026°6- 9v(C*'T 0S°19 0G°19 G/*0f GB'EC 00°0 00'0 00°'0 £S5t GG'26- d
/5B88°0 ZG44°0 /B2l Zv/0*1 GB°'EZ GB'EZ B0°0F 1C°'8F 124 0000°'Z1 00°0/C 0000°0 AF°'481S 469°4 10°6y  GOY 4
0043000°0 90-3024°6- V(2T 0S°19 0G°19 GL'0f G8'tC 00°0 00°0 00°'0 c8'o 050G~ ]
£588°0 2G446°0 (BIC‘'T ¢Zv/0*1 SB°'fZ GB'EZ BO°'OT  12°6¥  1Z°4F 0000°21 00°0/C 0000°0 09°/B¥E T2°'FT  0L°L¥ SIS
' 00+3000°0 90-3024°46- 9¥LZ'T 0S°I9 0G°I9 G/°0f GB8'EC 00°0 00°0 0¢*0 c9't I 1y- |
£GB88°0 2S446°'0  /(BIZ*T Z¥/0°T GB'FZ SB°EZ B0'0T 12°'6F  F2'4Y  0000°C1 00°0LC 0000°0 ¥4°0EIC Z/°C1  Ov°9¥y OGS b
] 00+3000°'0 1 90-3026°6- F¥L(Z°1 0S°'19 0G'19 G/°0f GB°'EZ 00°'0 00°0 00°'0 90°S 69°wL-
[588°0 2S646°0 /B1Z°T Zv/0*T  SB*fZ SB°'tEZ BO°'O1  1Z2*6¥  1Z*4y 0000°CF 00°0L2 0000°0 vE°BZIT WwC°'¥Wl  40°Gy  Gzg
- 0043000°0 90-3026°6- 9¥L2°T 0S°'19 0G'I9 G/°0f SB°'EC 00°0 00'0 00°'0 18*¢ c6°S9-
£588°'0 ZG66°0 /B812°'1 ZWL0°'T  GB°KZ GOB'EZ B0'01  1Z'4v  1Z°4¥ 0000°CT 00°0LC 0000°0 G9°'869 9L°SY  8L'tv  00S
0043000°0 90-3026°6- FvL{Z'T OS'T9 0G°19 G/:0f GB°'EZ 00°0 00°0 00'0 130 ¢ 1068~
{588°0 ZG44'0  (BIZ°1 Zv/0°T SB°fZ GB'FZ B8OOI  1Z°'6% 124y 0000°CZT 00°0LC 0000°0 ZW°¥49  £2°LT  L¥'Ch  GL¥

ot (] o=

"

3

00$3000°0 ¥ 90-3024°6- 9¥LC'T 0S°19 0G°19 G/°0f SB°'€EZ 00°0 00°0 00*0 ¥8°0 ee'vb- ]
£588°0 Z2GA6°0  /BIZ°'Y ZW/O0'T GB°'EZ SB°EZ B0°0T  IC*6v  1Z°6y  0000°21 00°0/C 0000°0 2ZE°/(¥9  44°81  S1'Iv  OGH ]
004£3000°0 } 90-30c4°6- 9bLC°T 0S°*19 0G°19 G/°0f SB'EZ 00°0 00'0 00°0 T4 00 06°£01- ]
£588°0 2S46°0  /BIZ°V  Zv/0*T GB°'FC SB°'LZ BO'0T 124V 1Z°4¥  0000°CT 00°0/C 0000°0 GO°609 Of'0C GB*Af  Gav
0043000°0 ¥ 90-30246°6- 9¥LZ°T 0S°T9 0G°19 G/*0f GB'FEZ 00°0 00°0 00°0 I£°0 1v*2oi-

£588°0 ZG44°0 /BIZ'T ZvL0'1  GB°£Z SB°EZ B0'0V  ¥C*4¥  IZ*4¥  0000°C1 00°'0/Z 0000°0 BI*99C ¢B'IZ SG*'8f OOV
0043000'0 90-30248°6- 9vLZ'Y 0S°T9 0G°T9 G/'0f GB'fEC 00°0 00°'0 00°0 or'o £8°96- y
£588°0 2G646°0 /BIC'I Z¥LO'1  GB'EC GB°'EC BO'OT IC'6F  1Z2'4F  0000°21 00°0/C 0000°0 v9°'¥VES wE'EZ  ¥I°'/4E SLE 4

-

0043000°0 1 90-3024°6~ 9¥LC'T 0S°19 0G°T9 G/°0f SB°EZ 00°0 00°'0 00°0 vg8'o GZ'68-
£688°0 ZG46°0 /B8IZ°1 Zvl0°T  GB°EC SB°EC B80°01  1C°6¥  TZ°4¥  0000°'CT 00°0/Z 0000°0 cZ2°'tE6v GB°'¥Z £6°'St  0SE .
£0-3/ev' - 1 90-34¢0°6- 8¥AZ'T I¥°19 Iv'I9? f£O°If Ov°'¥Z 00'0 00°0 00°0 95°0 1928~ !
22B88°'0  ZS44°0  4VOC°'T  A/SO'T  OW°'¥Z Ob°'¥C CV'Ol  /G°BF  /S°8¥  0000°CT 00°0/C 0000'0 BZ°tcy BE'9C 09°'vE SZf
20-3£00'2- ¥ 90-3£00°1- bCACT A6C°19 42°19 1If°1f ¥e2°'Se 00°0 00°'0 00'0 veo 81°£8- _
9648°0 ZG44°0  9vBI'T  O0LEO0°T  ¥2°'SZ ¥Z°'GZ IB8°0F /Z0°/¥ £0°L¥F 0000'21 00°0/C 0000°0 GS'f/f £6°¢Z O02°tE 00F
¢0-3904°2- 1 GO-3gkEC 9¢BZ'T £O'I9 £0°T19 0B8'IFE 18°9Z 00°0 00°0 00°0 AN gL°t8-
o) /£B8*'0 2ZGAA*0  SAVIT  40F0°T  18°9Z 18*'9Z £9°I1  gli‘vr 8I°kyr 0000°2T7 00°0LC 0000°0 /Z¥°SCE  4¥*AT  B9'IE  G/2
- c0-3¥25°t- 1 G0-3412°¢ cZcZ*l (E'09 (£*09 18°CE 92'62 00°0 00°0 06°0 vl GB°6L-
Gr04'0 ZS646°0 £00T°T  GC0448°0 9Z*6C 9242 SZ'ET  vI°OF VIOV 0000°CT 00°0ZC 0000°0 9/£'469Z 90°IE ¥é°6C 0SC
c0-36£0'2- 1 GO-32¥/°S TVCI'T (E°8G (£°4S T4°EE 06°'IE 00°0 000 000 £0°2 G6° 8L~
ZEV6:0  TGE6°0  LESO°T  1686°0 04°TIE 04°1E (G°ST B8E£°SE  BE°SE 000021 00°0/Z 0000°0 94°B2Z £9'CE 06°/Z STe
£0-3v01'G- 1 90-328S°£- ¢v60°T 89°'BS 89°'8S IS'¥E TO°EE 00°0 00°0 000 90°1 (XA A
6GG4°0 £G44°0  09£0'T  9584°0 TO°£f TO'EE ZS*'9I  4V°'f£E  4¥°f£E  0000°CT 00°0/Z 0000°0 SZ°OTz BI*'¥E £9°GZ 002 *
€0-3L60°1- 1 90-3/246°E 0V60°'T 06°LS 06°LS 90'SE_98°'tE 00°0 00°'0 00°0 ¥S'0 £L°18- ]
1956°0  ¥GA46°0 £2C0°'1  WEL6'0 98°'tE  9B8°fE EV'/T  9¥'CE  9¥*'ZE  0000°CZT 00°04C 0000°0 E/°'E6T  T/°GE BZ'EZ S/T 1
£0-3S4E°'9- 1 90-3G22°¢- £B60°T ¥C°LS ¥Z°LS 9¥'SE GL'vE 00°0 00°0 000 vg*e 8y¥'Gy-
C¥S46°0  9G46°0  9600°'T  TAS4'0 S/*¥E C/°vE B86°81  b¥°OL  w¥'OE  0000°2T 00'0/C 0000°0 Z6°IBT  ¥Z°/E  18°0Z  0ST M
£0-3kvi‘S- 1 G0-39TL°T 6£80°T 40°9S 40°9S 10°9f 2S°SE 00°0 ~ 00°'0 00°0 19°1 vE'89-
£B54*0 B8S84°'0 (B646°0  ¥ESE'0  ZG'SE CS'GE F1°0C  B5'6Z BS*AZ  0000°ZT 00°0/Z 0000°0 T6°F91  89°8f GeZ'Bl SZV !
£0-3£91°E- 1 G0-3£00°C 46290°'T G9°¥S G9°vS B¥‘'9E GI'9f 00°0 00°'0 00°0 61 A H

6698°0 1964°CG B4B4°0  ¥9S4°0 SI'9F GCI*9f fE°IZ £46'8C (4'8T 0000°2T 00'0ZZ 00000 BL°/¥T  SI°OF £9°ST 001 {
v0-32vC° 1- GO-3148'1_ /0vO'T fV°ES fV°EG ££°9E 89 00°0 00'0 00°0 4 94 6128~ {
20840 9966°'0 ¥GBA'O0  £Z96'0 B¥'9E BV°9E ¢0°2C £L°8Z ££'6Z  0000°ZY 00°04Z 0000°0 OS'SEY  Z9'I¥  96°Cl G/

-

v0-3229°1- 1 G0-3810°C 4GI0‘V /LI°IS (1°IS 68°9t ZL°9 00°0 00°0 00°0 "Z8°1 88°'v¥-
2266°0 TL64°0 2ZTBS'O0  BILL*0  Z/L'9E 9% 60°EC  Z9'BZ Z9'6Z  0000°CZ¥ 00°04Z 0000°0 SLC9IT OU'EY  92°00 0% {
£0-31v9°C 1 G0-32/E°V [266°0 0S°B¥ 0G°8¥ 99°'9F 9S°9f 00°0 00'0 00°0 ca'r 9G°29- ‘
L£00°T  £844°0 EvBA'0  2986°'0 9S°*9f 9G°9f 0S'VC £/'B2  ££°'BT 0000°CT_ 00°04Z 0000°0 48°'86 £S'vy  GS*L Ge !

c¢0-3¢20'C 1 G0-3v69°v- 0000°'T £B°'t¥ £8°E¥ CV'GE CZV'GE 00°0 00'0 00°0 16°T11  b2°¥L- !

0000°T 0000°T 0000°'1 0000°T Z¥°'SE Z¥°SE 00'0E 00°'0F 00°'0Ff 0000°2T 00°0/Z 0000°0 ¥/°¥e 00*'9v 00°S I
MALYANND  ON 4N NYE 1d/v1340 Vi34 10 0 N 19 AJ1I4 XJiMDd JIVIOY @134 uiiviDy A
)| £} S¥ 19H y9 9 Inva NIvd AvY  J0I¥3d  1aHNd  d4SidND H1d430 A X XUH |

*(UNDJDIS/1334)INCASN419¢49¢9  * (1334)19HHE4IA  *SLINM HSITONI NI ST 104100 3HL




ﬂ. B i S B S e
4 (T¢—%) Nl NI Z HAGNAN AV 404 ONLLSIT IVLLYVA - (yZ-%) 21ndrg
: CGT6°0  0S66°0  LT16%°1 ({ATAN 6281 62'81 (6°'8BbT  99°t4Z 99°téC 0000°CT 00°0LZ 0000°0 99°EOE  VE'OE  9¥°'EE  GLS ]
9 10-3kg0- 1 GO-3£/1°C- BLAT'T E£I1'19 E£1°'19 ¥9°IE 00°I¥ 00°0 00°0 00°0 19°0 ¢L°S8- p
i CGT4'0 0G46°0  EW6L'T OvE?'T  O00'IT O00°TI 6°1SE bI°28C +vi*zBZ 0000°C1 00°'0/2  0000°0 Iv*8LE  02°6C 40°EE 0SS 1
{ 10-37180°'1- 1 CO-3IFELV°Z- B8L61°T £2°'19 €219 Ev'IE £0'4L 00°0 00°0 00°0 9v°0 (9°98- 9
. 2GT6°0 0G44°0  4EVZ'C  SEVO*Z £O*/. £O0*¢ BE'EGE TE°9LZ 1£°9L2 0000°Z1 00°0L¢ 0000°0 20°ASE  L¥*'82  84'2f  SCS 4
1 ¢0-351G°1- 1| GO-3IELT'C- BESI'T 62°19 62°'19 of*1f £2'S  00°0 00°0 00°0 ov:0 14°68- ]
E 2GT6°0 0S46°0  £209'C £O0LE°C £2'S  £2°GC  GE*WGE L6°RLC L6°fLe 0000°CT 00°04Z 0000°0 fFO'wLE L6°(C  £6°CEf 00S
p ¢0-3848°2- 1 GO-3IF/V'C- BLSLI'T £L£°19 £L£°19 ¢ZZ°'If £L°'v 00°0 00°0 00°'0 ov'o 8,°'88-
1 ZG16°0  0G46°0  49EL°C Seév*e  £L'v  fL°v 6L°vSE IS'ELE 1St/ 0000°ZT 000042 0000°0 ZS*98E SS° L2 16°2f S 1
& ¢0-3%0C'v- 1 GO-3FLT*2~ BESI'T 919 919 SI*IE 11V 00°'0 00°0 00'0 ov°:0 V6 L8-
3 CG16°0 0G66°0  bv9ré°C | L 74 Ax4 iy iy b2'GSE ¢8°'CLC Z8°CLZ 0000°CT 00°0/LZ 0000°'0 4fE°c68 8142 68°CE OGSV o
4 C0-39G6'v- 1 GO-3E/1*'C- BL6Y'T  LE°19 LE°'T19 TI'ITL wv'E  00'0 00°0 00°'0 8(°0 08°'/8- .
1 CGT46°0 0G46°0 840C'E  CET6H'C  wv*'E  b¥'E  AS'SGE £6°'TLC £6°'T/LZ 0000°CT 00°0LC 00000 I8'vO¥ (8°9C (8°Cf SZv A
10-3Lg8°1- 1 GO-3IL/V°C- BEST'T 6E'19 6£°19 (0'If £S'C 00'0 00°'0 00°'0 6L°0 £2°L8-
1 2816°0 1G66°0 G4F/'E  SSOb*E £G'C  £G'Z 90'9SE vL°0LC vL°0LZ 0000°CT 00°042  0000°0 4¥°CI¥ §19:92 (8°C¢  00¢ y
. | INIOd NOJ1331338 NV3IN  INOI1D3T43Y iLBE = XVKW 1
4 10-3281°v- 1 G0-38/1'C BE4I*T Ov'19 Ov'I9 90°'TIE 8F'IT 00°'0 00°0 00°0 6L°0 66' 98- ‘
4 ¢S16°'0 1G46'0  696B°'%v  L&SY'y  8b°1} BT  O0G'(GE 8L°v8 8.°'v8 0000°CYT 00°0/2 0000°0 E¥'9I¢v 0S°9Z (8'Cf 8%
[ 10-31£6'E- 1 GO0-3FLV°C BEAI'T 4FE°'19 6£°19 (0l vZ'C 00'0 00°'0 00°'0 6L°0 80°/8-
f ¢GI16°0 1666°0 £L0B46°'f  £GC9'E v¥Z°*'T WZ*'C GL'/GE 29'E8 Z9'f£8  0000°Z1 00'0LZ 0000°0 /S°*¥Wiv SS'9C 98°C¢f Gif
i 10-3¢E9°V- 1 GO-3£/1'C BLOI*T LE£°19 (LE°19 ZI*'IE (9L 000 00°0 00°'0 6(°0 C9°¢L8-
. ¢S16°0 1666°0  GoYTI'C  QLGE°*Y  L9*L (9L 04°8BGE bI'WL  ¥9'¥.  0000°C2T 00°0ZZ 0000°0 IS'EO¥V §16°92 6472 0OSE
d 10-318€'1- 1 G0-3EL¥°C BEAT'T 1£°'19 Ig£°19 92'If Bf°'El 00°'0 00°0 00°'0 ov*'0 §G°98-
es16°0 1G66°0  4929°1 ?I18¥°1  8f°tl BE'Ll <21°0 LLV9 LLv9 0000°2T 00°0LC 0000'0 0C°08f SL°*(e  (v°Zf SiE 4
¢0-3692'9- 1 GO-3FL1°C BLST'T 9119 9QI'I9 (LS°IE 92°LY 00°0 00°0 00°0 2o 99°€£8- y
¢S16°'0 1G46'0  (Zfb°'T TAA R 9eLl 92LY 961 cv*8S  Z¥°8S  0000°'CY 00°0LC¢ 0000°0 4I°¥W¥E 88°8Z ¥8'If OCGE ]
¢0-389£'9- 1 G0-3G16°C 888I'V £8:'09 £8°09 SGI'¢E ¢ZZ'1Z 00'0 00°0 00°0 90°7% 88° 18-
ZLV6°0 16660 b162°1T |LYASN! TAAN YA A AN CANR 4 A8 GI*2C GI*'2G  0000°CT 00°0.Z 0000°0 BZ°COE 02'0f f£6°0f S
¢0-3500°6- 1 GO0-3C0£'8 O046¥I'V b6°6S 646°6S 92°EE L2°9C 00°'0 00°0 00°0 ' (5'E8-
£Gv6°0 16660 HIPI*Y 2260°*V (2°FC (2°'9C £9'9 Gh'vv  Gb°'vv  0000°CT 00°0/C 0000'0 9S°ISC  89°'IE  £9°'6C 0SC
o c0-3vev'i1- 1 90-3/v9°E 64S0°T B80'4S B0°4S LI'VE 8V:0E 00°0 00°0 00°'0 L6°1 £8°'89-
) £1£6°0 1666°0 1840°1 1CvO*T  8F'0E 8F*0f 69'6 8S°9f 859  0000°2Y 00°0LZ 0000°0 ¥9°02C ZZ'tE 9L*le S2
\ 20-3v80° 1- | 90-3£9S°9- S1L0*T 1S°8S [S'8C ¥9°'kE £S°IL 00°0 00°0 00'0 90°%} £1°0L- ;
09960  2S46°'0  64SO°'T  Q610°'T £S°If f£S°IfE 89°07 ZI°SE  CZI°'SE  0000°CY 00'0/Z 0000°0 E£F°90Z WL'bE  ¥9°'GZ 002 b
C0-3G48'1- 1 90-3¥8G°2- 1040'T S9'/S G9*'¢S ¢2¢°SE Zé°'2¢ 00°'0 00°0 000 09°'¢ GL'¥8- 4
(996'0  ¥G66°'0 2/F0°1 18660  Z6°CE 26°'CE 9T°Cl  LI'EE  LI*EE  0000°CV 00°0/C 0000°'0 £4°8B31 /(2°'9% Iv'€El SN 4
€0-32(S'1- 1 GO0-31Z6°1- BL4O'T B0°(S B80'(S SS°SE vI'vE 00°0 00°0 00°'0 8402 [ YAL 740
PbG6°0  GS446°'0 /8T0'T  6£96°0 FI'VE VI'VE O04°'FET OI'0OE OF°0E 0000°CT 00°0/Z 0000°0 vE'éL] v '(E 201 OST ]
¢0-3vv0'1- 1 G0-36£9°T1 0960°T 4£°SS 6L°'GS ¢21°'9¢ 9t‘St 00°0 00°0 00°0 96°0 Sy iL- M
CGS6°'0  8G646'0  6000°T J2G6'0  9E°SE  9£°'SE 92°91 80°'8C 80°'8C 0000°'ZF 00°0LZ 0000°0 SO'IPYT  9YI*6E  9¥°8I SZi
£0-3864'C- 1 G0-3£L6°T (ZL0'T 0S°¥S 0S°*¥S 1G'9f 10'9f 00°0 00°0 00'0 (61 18°¥GC- -
GG96'0 1966°'0 B166'0  6£S6°'0 10°9f  10°9% £S°LY L2 11°/2 0000°CY 00°0/Z 00000 8I‘'9vi ¥S'Oy 08°'Sl 001 1
v0-3G69/°9- 1 G0-3020°C ¢cZ4vo0'l ow £G 0G°'fS ¢Z/L'9f ZE°9f 00°0 oo 0 00'0 ¢e'e SE0v- i
£9L6'0 9966'0 G/86° o 8096°0 ZE°'9f ZE'9F 4£°81 8L°92  8L°'9C  0000°ZF 00°0LC 0000°0 BI‘9El Z6°'lv  60°fl S¢ 4
v0-3844°'E- 1 G0-30£G°C 1810'T OI°*'IS OI°*IS 48°'9f 99'9f 00°'0 00°'0 00'0 c8°l 91°0S- }
11660 ZL66°0 O0EAS'0  GIL6°0 99°9E 99'9f E£1°0C SG*92 SG'9Z  0000°2Y 00°0LZ 0000°0 22°'91% 62°'ty SE'OI 0S E
£0-396L°C 1 G0-391G*T G066°0 Tv°'8v I¥'BF GS9°'9f 2S'9f 00°0 00°0 00°0 AN 4 v g9- y
BYOO'T  £866°'0 BYBL'O0 8£86°0 2G6°'9f CS'9F S4°'IC  99°9C 99°'9¢  0000°2T 00°0L¢ 0000'0 SE°8é 9%y 09°¢ 114 y
¢0-3v460'C 1 GO-3T12°S- 0000'T f£8°'F¥y £8°'ty 2¥'GE Z¥'SE 00°0 00'0 00°0 1611 62°'WL-
0000°1 0000°T  0000°TI 00001 Z¥°'GE CZb°'SE 00°8Z 00°8C 00°'8C 0000°CY 00°0/Z 0000°0 w.'WL 00*'9¢ 00°S I “
4
JNIYANND  ON dN M¥9  1d/v13dd V134 10 0 n 19 AJ:134 XJ3i12d4 J:Lvioy @134 aivioy -8
3] E) | SN 19H 49 9 nvn Xvd AYY  GOI¥3d IQ:AND d4S1YND H1430 A X XV 1
4
. C(UN0I3S/133) 104N N41949949  *(1334)19HHLIJ30 °*SLINN HSITON3 NI SI 1NJIN0 3IHL : Q
s 4
E oc)~%o.014:—zz ¢000S00°0=43 ¢00°0S =1¥1130 “Z °‘ON AYY mrwumo.N— =U0I434 ‘T °ON 10Vd d G1/60/28 ¢ £ WO9 °‘ON 123royd !
- 1% w ° ¥
SRR} SERRRAR . I




} o’ ’ !
-,. »
. (¢7=%) AANO1d NL 9 MAIWAN AVY H0d ONIISIT  °(sz-%) »anS1g

X £0-3162°S 1 G0-365G T~ €v20'T £2°'0T £Z'O1 ZU*O1 £1°01 00°0  00°0  00°0 00°'666 ££°88- 5

18860 BE?R'0  04F/'T  E¥8T  £1°0T £I'01 f£1*/9C 08°8%C 08°'89¢ 0000°'CT 00°0LZ 0000°0 1£°'fY 66'C9 ¢grZc 08BV L
JHYOHS U3HIVIY AvY ]
co-3fve'l 1 GO-3IEGk T~ £820°T OL°LT O/L°*(1 OQC°LY_ 81I'/LY 00'0 00'0 00'0 00°466 vE'B8- |

C986*0  12GA°0  &LEE'T  Z9GZ'T  8I*/LI BI*LI v0°99C v6°'89C +46°'892 0000°CT 00°0LC  0000°0 To°'Of 9L°C9 ¢g£'eT  SLv

¢0-3v68°'T1T 1 G0-34B4°F B8066°0 98°'FE 98°vL SB'OE 49°'0C 00°'0 00°0 00°0 9.8 96°89-

9000°T  I¥B6°0 6000°'T  GGBA'0  49°'0f 4&9°0f <C2°'G9Z S6°'0LZ2 G6'0LC 0000°CT 00°0LC 0000°0 18°Ch £6'09 f££'¢Z  OSk
£0-3064'T 1 90-3£96°8- 99060 G9°'8f G9'8f [0°'LE 146°CC 00°0 00'0 00'0 891 cL (8-

8900°'T 90466°0 /996°0 OV96'0 T6°CE T4°'CE (¥°(9C 9¥°'ELC 91'ELC 0000°CT 00°0L2  0000°0  ¥G'¥S £8'¢S Z¢'t¢ Sev
£0-362L°C Y FU-IPLE L LZLO600 LECVV (L'WY T9°SE ¥R'GE 00°'0 00'0 00'0 GG*'9 £G6°'99-

OVIO'T £V46°0  WIES'0  T8F6°0  WV'SE bE°GEL ¥G'@9Z ZI°'WLC CI°¥LZ 0000°CT 00°0/C  0000°0 02°¢UL 96°¥G  ¥0'CC  OOF
£0-366C°C 1 GO-3Iv9L*T- £¢B6°0 €S°9v £GPy 92'9% 60°'9E 00°0 00'0 00°0 gc't £S 1= £

0600°T ~£966'0 O0£C4°'0  6L26°'0 60°'9F 40'9% £6°89C cTv'wLe cv’vic 0000°CT 00°042  0000°0 18°/8 96°1S 18°'1Z S(E

¥0-3801°'T 1 90-3242°1 9686°0 OI'QS O1'0S GB°9F /£9°'9f 00°'0 00'0 00'0 {8°0 GG 06- .

£G00°T  ££66°0  (ST6'0  ¥BIS'0  L9°9F (9°9% v4°'B9C £S°'WLZ £S'¥LZ 0000°CT 00°0LZ 0000°0 ZT1°'601T  T6°8F  (G'IZ  0OSE e
¥0-30cC't 1 90-39€2°*1 8£84'0 [IB8°IS 18°IC B88°9f 69°9f 00°0 00°0 00°0 £i'1 £2'601- g

1900°T  9866°0  WGI4'0  £616°0 69°9% 49°'9f 94'89C G5°'v{C GS'¥.Z 0000°CT 00°042  0000°0 ¥9°1C1 £8°'Gy  CE'IC  GCf
v0-38LL°E- 1 90-3V4G° G- B6BL°0 6L°ES LL°ES L9'9f EV'9E 00°0 00'0 00°0 £6'0 ¢G'¢8-

IG00°'Y  1666°'0 (816°0 92C6'0 Ev*9f E¥°'?€ 01'89C 19w 19°¥LZ 0000°CT 00°'0LC 0000°0  v4°'BEYT  LL°Cy BO'1Z  00F
90-35G69°1- 1 90-32£2°9- GB66°0 9G°GS 9G6°GS 02°'9f L6'GE 00°0 00°0 00°0 961 9S'v6- 7

B8000'T  GA66°0  9¥ZA°0  AVZH'O  (6°SE L6°GE 46°(9C BS°'VLC B8S'¥LZ 0000°2T 00°04C 0000°0 SI°BST  ¥L°4F £8°0C S(C
£0-30bg°f- 1 £0-32£4°S  ¥I100°T GE*(G GE'/S OF'GE 61°GE 00°0 00°0 00°0 £8°1 0£°GG-

£666°0 L6660  LbE6°0  BEEA'0  AT'SE 41°GE TI'B9C BZ'WLC BC'WLZ 0000°CT 00°0LC 0000°0 G/°£81  ££'9%  09°0C 0S¢
£0-3%01°¢- | 90-309£°9 b566°0 62°8G 62°'8S 08°F¥E_ 99°vE 00'0 00°0 00°0 Ll c8 L - .

£C00°'T  4866°0  6Iv6°0  OVK46'0  99°'vE  99°bE BS'B9C 0L°'CLC 0L°ELZ 0000°CT 00°'0LC  0000°0 /S°T0C  ¥B°Ef  Ov'0CZ  GZc 1
£0-3L12°'9- 1 (0-32¢G°¢  £/86'0 0G°4S 0G'4S 8L°'ff 0L°'ftE 00°0 00'0 00°0 " (¥°1 68°E9-

C900°T  6666°0 CGG6'0  TT196°0 OL°'Ef OL°EL B6'BIC 96°CL  96'CLZ 0000°CT 00°0LC 0000°0 AI'EEC  8B6°0F £2°'0C 00C ]
£0-365/°G- | 90-3892°1- £686°0 9£'097 9£°09 18°Cf 8°'Cf 00°0 00°0 00°0 c6'0 ¢’ (S- 1

¢500*'T  0000°'T  9898°'0 9E£6°0 BL'TE BL'2E (E'69C 60°CLZ 60°TLZ 0000°CT 00°0LZ 0000°0 Gv'69C 61°BC  01°0C S/1
£0-3¥B6° (- 1 90-3291°G- £G466°0 G6°09 G4°09 94°If G4'If 00°0 00°0 000 80’1 £0°09- ]

vZ00°*T  0000°T OIB&'0  ¥EBA'0 G&'IE GA'IE TL'69C 66°0LZ 66°0L2 0000°CF 00°0LC  0000°0 Ov'vIf  /¥°'GZ  £0°0C  0SI 9
£0-3%29°C- 1 90-3E9L* T~ £864'0 9E°19 9£°19 GI'IE GI'If 00°'0 00°0 00'0 £5°0 05 19- y

£000°T  0000°T  GE&66°0  Ivés*0 SI*TE SGI'IE £6°49C £2'0LC £2°0LC 0000°CT 00°0LZ  0000°0 69°96f £8°CZ 00°0C STl :

£0-39£0°1- 1 £0-39vE* 1- 0000°'T SGv°'I9 SV'I9 04°0F 06°0f 00°0 00°0 00°0 Fv'o 16°19- 4
0000°T  0000'T G/64'0 GS/66°0 06°0F OQ46°0F 86°469C 10°'0/LZ 10°04Z 0000'2T 000  0000°0 00°'¥9¥  £2°0C 00°0C  00F :
001+3000°0 0043000°0 0000°F 0G'19 0S'19 GL°'0f GL'0f 00°0 00'0 000 FASN) £6°2G-
0000°T  0000°'T 0000°T Q000'T G/'Of G/*Of 00°0/Z 00:0/Z 00°0/¢ 0000°2T 00°0LC 0000°0 v0°BZS  ¥9'L]  00°0C SL ;
00+3000°0 1 0043000°0 0000'T O0S°'T? 0S°T9 GL°0f G/'0f 00°0 00°0 00°0 48 0f° 9L~ K
0000'T  0000°T  0000°T 0000'T G/*OE G/'OFf 00°0LC 000/ 00°0{C 0000°CT 00°0LC 0000°0 ¥/°6L5 90°Gl 00°0C OS 4
0043000°'0 ¥ 0043000°0 0000'T OS'T9 0S°'19 G/°0f GL'0f 00°0 00°0 00°0 G0 (504~ o

0000°T  0000°T  0000°F Q000°*T GZ*Of G/'Of 00°0/C 00°0{Z 00°0/C 0000°CT 00°0/Z 0000°0 9S°91L 8¥*Z1 00°0C SC

00430000 | 0043000°0 0000'T 0S°T9 O0G'19 G/'0f G/°0f 00'0 00°0 00°0 GL'9 61°v8- p
0000°T  0000*'T  0000°T (Q000'T G/*Of G/*Of 00°0/Z 00°0LZ 00°04Z 0000°2Y¥ 00°0LZ 0000°0 £6*'/¢(B  00°0F 00'0C 1 |
A
E
JMYAYND  ON 4N N¥d  1d/vi3dd vi3d 1h f 1l 19 AJ813d X104 J311VI0N  @ildd  QiLvioy |
-] M SH 194 49 9 Invn Avd AVY  Q0I¥3d  IQ:and  dSiand Hid3a A X XVH

2 Bedha B

*(UNDD3IS/L3IAUNAN19449¢9  *(1334)19HHII0  *SLINM HSITONI NI SI INdLNO 3HL

TN S

000700°0=T1014Y “000S00°0=4D ¢00°0S =IVIN3U0 9 °‘ON AvY ¢°'2350°2T =00IY3d ¢TI °'ON 10V g G1/760/28 ¢ £ W09 °*ON L23M0¥d

A,




T ey

,

9866°0

98660
26660
6000°1
1000°1
0000° ¥
0000° ¥
0000'¥
0000°1
0000'¥
0000° ¥
0000*¥

00001

0000°1
0000°'1
00001
0000°1
0000°1
0000°1
0000°1
0000°1¥
0000°1
0000°1
0000*1

N

000100°0=T01YN ¢000500°0=43 ¢00°'0G =1vi130 ‘CI

-

£0-3vic*e-
4866°0

£0-3vic e~
46£66°'0
£0-312(° G-
Sk946'0
£0-3£98°1-
£v846°0
v0-3582°9-
V660
v0-3298° 2~
(L66°0
00430000
0000'1
0043000°0
0000° ¥
0043000°0
0000° 1
00+3000°0
0000*%
0013000°'0
0000°1
0043000°0
0000° 1

JINLYANND
SN

E)

{
9266°0

1
9256’0

Mmom.o
Mmmm.o
mvaa.o
Mnaa.o
wooo.ﬁ
wooo.—
mooo.—
0000° ¥
wooo.—
wooo.—

ON

(Ca=%) AND1A NL 21 YAUNON AVE 304 ONLIST'T  *(97-%) 2anS1g
90-3vbE'Z- BZ00'T BY°6S B¥'4S T8°EE SL°EE 000  00°0  00'0 9£°¢
6L'EE HL'EE £0'0F  9£°00E 9E'00E 0000°ZT #I°01  0000°0 Tv'efZ  T6°¥E
dN-9NVH NOT133T1434
ALID073A 3SYH4 HIIM MY STIINS  INOILIIFT43Y
90-3vbE 2~ 8200°T B8V'4G BV'4G I8°'EL 6L°tE 00°0 000  00°0 9£'t
SL°FE GL'EE BV*697 TT'VWLZ TTVLZ 0000°Z1 00°0LZ 0000°0 Tv'ZEC  T6°bE
90-3185'F  9100°T 91°09 9109 90°tf GO'EL 00°0  00°0  00°0 8L
GO'EE GO'EE FL°69T 6L°0LT 6L°0(T 0000°ZY 00°04Z 0000'0 O0£°6SZ E£E°'ff
90-318Z°1- 2866°0 (0°I9 (0°19 W¥.'IE WL'IE 00°0 000  (0°'0 9440
VCCIE WIS b6'69C £2°0LT £2°0LZ 0000°ZT 00°0LZ 0000°0 9U'0EE  Z9°0f
£0-3288° (- (666°0 (E'19 (E'19 YI'IE TI'IE 00°0  00'0  00'0 09°0
IT'IE TT'IE 86°69C 80°0LZ 80°0LZ 0000°2T 00°0LC 0000°0  TL°WO¥  66°LZ
0043000°0 0000'T 9¢v°19 9v°I9 48°0f &8'0F 00°0  00°0  00°0 910
68°0F 6B8'0F 66°69Z 00°0¢2 00°0/Z 0000°Z1 00°0/Z 0000°0 SGI'ILY  6£°Ge
00+3000°0 0000°T O0G'I9 0S'I9 SL°0fL GL*OF 00°0  00°0  00'0 19°0
GL'0Ef GI'0f 00°0{2 00°0£Z 00°0/Z 0000°ZT 00°0{Z 0000°0 [0'41C  18°CC
00+43000°0 0000°T O0G°I9 O0G'I9 GL'Of GL*0f 00°0  00°0  00'0 FARA
GL'0E GL'OE 00°0(Z 00°0(Z 00°0LZ 0000°ZY 00°0/Z 0000°0 18°I9S  2Z°0Z
00+3000°0 0000°T O0S°I9 0S‘I9 GL'0f GL*OFE 00°0  00°0  00°0 Sit1
GL*0f GZ'OE 00°0{Z 00°0£Z 00°0/Z 0000°C1 00°0LZ 0000°0 GL'CL9  ¥9'LI
0043000°0 0000°'T O0G°I9 O0G'I9 G/°0f GL°Of 00°0  00'0  00°0 &v*9
GL*0E GL'OE 00°0/C 00°04Z 00°0/Z 0000°ZY 00°0/Z 0000°0 (8'818 90°'Gl
00£3000°0 0000'FT 0S'I9 O0G'I9 GC/*0f G/°0f 00°0  00°0  00°'0 89°2
GL'OE GZ'OE 00°0/c 00°0(Z 00°0/Z 0000°CZ1 00°0{Z 0000°0 26°/061 8¥*Zl
00430000 0000°T O0S'I9 0G'I9 G/°0f G/*Of 00°0  00°0  00°0 9L}
GL*OE GL*OEf 00°0/Z 00°0LZ 00°0/Z 0000°ZT 00°0/Z 0000°0 08°0ZLE  00°0%
dn N¥d  ta/vilg vl I 0 n 19 A2:134 X3:134 J:1vi0Y
194 39 9 WM NIWd AVN  00I¥3d  TQMND  d4S:¥ND HAd3a
*(UN0D3S/L3DIACAN L9499 *(1334) LOH*HIdN
'ON AW ¢°3350°Z1 =U0I¥3d ‘I °‘ON 101d ¢ GY1/60/28

A

GG 9e-
90°vy 68

$6EC =

oo‘'vy i

aildd arivioy
X XuH

*SLINA HSITON3I NI ST INJINO 3HL

¢ £ HO9 ‘ON 123104d

B

B e b d

e e,

-

LI . Sy L W

P ey )

A T R T A )




v
-

l' 3" L}

‘

‘.‘.

v
4

m REFERENCES
3
{;
. 1. Arthur, R.S., "Refraction of Shallow Water Waves: The Combined Effect

of Currents and Underwater Topographyv,' Transactions, American Geophyvsical
Union, Volume 31, Number 4 (1930).

2. Arthur, R.S., Munk, W.H., and Isaacs, J.D., "The Direct Construction of
Wave Rays," Transactions, American Geophysical Union, Volume 33, Number
6 (1952).

3. Breeding, J.E., Jr., "Refraction of Gravity Water Waves,'" Ph.D. Thesis,
Columbia University, New York City, 1972 and U.S. Naval Coastal Systems
Laboratory, Panama City, Florida, Report NCSL 124-72 (1972).

4. Breeding, J.E., Jr., "Velocities and Refraction Laws of Wave Groups:
A Verification,'" Journal of Geophysical Research, Volume 83, Number
Cc6 (1978).

w

Breeding, J.E., Jr., "Rav Curvature and Refraction of Wave Packets,”
Proceedings of the 17th International Coastal Engineering Conferance,
Yolume 1, pp.82-100. American Society of Civil Engineers, New Yorx (1981).

6. Bretschneider, C.L., and Reid, R.O., "Modification of Wave Height Due
to Bottom Friction, Percolation, and Refraction,” Beach Erosion Board
Technical Memorandum Number 45 (1954).

7. Dobson, R.S., "Some Applications of a Digital Computer to Hydraulic
Engineering Problems," Department of Civil Engineering, Stanford
University, Technical Report Number 80 (1967).

8. Jomsson, I.G., "Wave Boundary Layers and Friction, Factors,' Proceedings
of the Tenth Conference on Coastal Engineering, Volume 1, pp.127-143.
ASCE, Ann Arbor, Michigan (1966).

9. Lamb, H., Hydrodynamics, Sixth edition, Dover, New York (1932).

10. Milne, W.E., Numerical Solution of Differential Equations, John Wiley and
Sons, Inc., New York (1953).

11. Munk, W.H., and Arthur, R.S., '"Wave Intensity Along a Refracted Ray,"
in Gravity Waves, National Bureau of Standards Circular 521, Washington,
DEGCrR (1952 .

12. Putnam, J.A., and Johnson, J.W., "Dissipation of Wave Energy by Bottom
Friction," Transactions, American Geophysical Union, Volume 30 (1949).

13. Ralston, A., "Runge-Kutta Methods with Minimum Error Bounds," Mathematics
of Computation, Volume 16, pp.431-437 (1962).




R P

2

e _'.. r
" |

L
o

L D& At are a4
s 12
o
s
L

7

v « ® 3 R
. L i 1 .
o 3 p
. { o
o : P L O

P
o

0
.
[

A B S s s
o

Pt
w

16.

L7/

18.

157

Romanelli, M.J., '"Runge-Kutta Methods for the Solution of Ordinary
Differential Equations,'" in Mathematical Methods for Digital Computers,
edited by Ralston, A., and Wilf, H.S., John Wilev and Sons, Inc. (1960).

o

Salvadori, M.G., and Baron, M.L., Numerical Methods in Eazinearinz.
Bremtice—Hall, Inec. (IF&LN

Skovgaard, O., Jonsson, I.G., and Bertelsen, J.A., "Computation of Wave
deignts Due to Refracticn and Frictien,'" Journal of the Waterwavs, Harbors
and Coastal ZIngineering Division, ASCE, Volume 101, Number WW1l (1973).

Wilson, W.S., "A Method for Calculating and Plotting Surface Wave Rays,"
Army Coastal Engineering Research Center, Washington, D.C., Technical
Memorandum Number 17 (1966).

Wylie, C.R., Jr., Advanced Engineering Mathematics, McGraw-Hill, New
York (1951).

g o e aead e o il S b SRS L T T T e S il ui i e o



AA

AdA ] AAAV

ABAR

AGR
AK(1)

AKFC

AV

AVP
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PRINCIPAL NOTATION

The principal symbols are defined. In defining derivatives the letters
in parentheses are used to complete the svmbols. The underlined letters denote
the variables to which the derivatives are applied. The input and output para-
—etars used in the computer program are deiined on pages 36-50.

The prcgram symbol for 6. 1In the input and output A is the
direction in degrees from which the wave packet comes with
respect to true north. Internally in the program A is the
direction in radians with which the wave packet moves with
respect to the positive x-axis.

The wave packet direction at the new ray point.

The average of the values at the new and pravious rav points,
respectively, of the wave packet and wavelet directions.

The average of the wave packet directions at the present and
new points.

The program symbol for g.

The program symbol for Ki where i =1, 2, ..., 9.
The program symbol for K.
The program symbol for KR.

The program symbol for KS.

The program symbol for Li where i = 1, 2,...,9.
The program symbol for .

The maximum values of % and y, respectively, for a water
depth grid.

The program svmbol for ¢. The directions of ARAY are defined
following the same conventions used in the definitions of A.

The program symbol for ¥. The directions of AV are defined
following the same conventions used in the definitions of A.

The program symbol for ¥' or Y'.

The arrays used to store the locations of contour values, ray
points, and tick marks.

<
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Ei BDZ The program symbol for d5/dt.
o BDZ5 The fifth order Runge-Kutta solutiom orf d:i/dt.
32 The program symbol for :=.
3ZTOL The limiting value for EBZ! and EBDZ' in the Runge-Kut:a
calculations of < and di/dt. IZ ‘EBZ or EBDZ axceeds or is

equal to BZTOL the time step interval is halved.
ﬁ? BZ5 The fifth order Runge-Kutta solution of 3.

- c An array of 12 water depths from CMAT used to fit a quadratic
surface in the vicinity of the ray point.

CALFA The program svmbol for e

1 _1t
-

CDAD_ (X,Y) The program symbols for derivatives of Z in the x'v
coordinate svstem (currents).

"non

CDAVD _ (X,Y) The program svmbols for derivatives of " in the x'"
coordinate svstem (currents).

CDGD_ _ (Y, XX{,XY,YY) The program svmbols for derivatives of G in the

2 x"y"~-coordinate svstem (currents).

CDPHD _ (X,Y) The program symbols for derivatives of ¢ in the x''v
coordinate system (currents).

CDUD_ _ (X,Y,XX,XY,YY) The program symbols for derivatives of U in the
x"y"~coordinate system (currents).

CDVD_ _ (X,Y,XX,XY,YY) The program symbols for derivatives of v in the
x"y"~coordinate system (currents).

CF The program symbol for Cee

CIN If CIN is not zero, its value is the travel time between

tick marks along a ray. In the input CIN is in seconds, but
for the calculations CIN is converted to hours. If CIN is
zero there are no tick marks on a ray.

CMAT The water depth grid in a two dimensional array.
- CNVRSA The direction of the positive x~axis of the water depth and
- current grids with respect to true north. The use of this

: conversion angle permits the wave and current directions to be
o defined with respect to true north in the input and output.

l! - CONTURC An array containing the current profile values in feet/second
or meters/second. There can be as many as 9 values.




CONTURD

CURR
CURX
CURY

(00.¢

DELAV

DELX, DELY

DEP

DGD_ _

DHD

D
n

DPHIDX

DUD

An array containing the sounding water depths in feet or
meters. There can be as many as 9 values.

The current magnitude in a two dimensional arrav.
The x-component current in a two dimensional arrav.
The y-component current in a two dimensional arrayv.

An array of 12 x-component current values from CURX used to
fit a quadratic surface in the vicinity of the ray point.

An array of 12 y-component current values from CURY used to
fit a quadratic surface in the vicinity of the ray point.

The friction factor.
The program symbol for Dn'

The program syvmbol for the derivative of - in the x'v'-
coordinate svstem (water depths).

The program svmbol for the derivative of 7 in the x'v'-
coordinate system (water depths).

The change in the wave packet direction from the present
to the new ray point.

The change in the wavelet direction from the present to the
new ray point.

The change in the values from the present to the new ray
points of the x and y coordinates, respectively.

The program symbol for h.

(X,XX,XY,YY) The program symbols for derivatives of G in the
x'y'-coordinate system (water depths).

(X,¥X,XY,YY) The program symbols for derivatives of h in the
x'y'-coordinate system (water depths).

The incremental distance in grid units between ray points.

The program symbol for the derivative of 9 in the x'y'-
coordinate system (water depths).

The ratio of the phase speed at the present ray point to
the value at the previous ray point.

=2
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ﬁ . DUD_ (X,XX,XY,YY) The program svmbols for derivatives of U in the
U A\ x'y'-coordinate system (water depths).
o DVD_ (¥,%X,XY,YY) Tha program svmbols for deriwatives of v in the
¥ x'v'-coordinate svstem (water depths).

oY The aumber of zrid units per inch or centimemter for a

z
particular plot.

~
4
PR

b DZDD _ _ (X,Y,XX,XY,YY) The program symbols for derivatives of £ in
& the x"'v''-coordinate system (currents).
2
- DZD_ _ (X,Y,XX,XY,YY) The program symbols for derivatives of u in
the x'"y''-coordinate system (currents)
E An array of 6 coefficients of the quadratic surface equation

which is fitted to the 12 water depths in the array C.

EBDZ The program swvmbol for €?C.

iR The program svmbol for =.

B A two dimensional array of numbers used in computing the
array E.

An array of 6 coefficients of the quadratic surface equation
which is fitted to the 12 x~-component current values in the
array CX.

1537 An array of 6 coefficients of the quadratic surface equation
which is fitted to the 12 y-component current values in the
array CY.

The wave energy per unit area.

A unit vector in the direction of Y.

m>» @o» M

A unit vector in the direction of €.

a8

The program symbol for K It is measureed in radians/grid

unit. &
FKAC The program symbol for the packet rayv curvature considering
only variations due to currents.

FKAD The program symbol for the packet ray curvature considering
only variations due to water depths.

FKBAR The average of the packet ray curvature at the present and
new ray points.

FKK . The value of K, in radians/grid unit at the new ray point.
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GTZERO

GZERO

HGT

HGTZ

IBDZ

IDBDT

IFLG

The average rate of energy transmission of the waves.

The frequency of the wave (1/T) relative to the current.
The geometric group speed.

The program svmbol for GR'

The ray speed.

The number of feet or meters per grid unit for a particular

water depth grid.

The program symbol for Gr-

The speed of the advected group front in a current.
The value of GT at the first ray point.

The value of G at the first rayv point.

The acceleration due to gravity.

The wave height.

The program symbol for H.

The initial value of H.

(X,Y,XX,XY,YY) The program symbols for derivatives of h
in the xy-coordinate system (water depths).

The water depth.

Is set equal to zero in HEIGHT at the beginning of a ray.
If a reflected ray is continued beyond a reflection point,
IBDZ is set equal to one in HEIGHT when the calculations

of B and dR/dt are to resume. As a result, dR/dt is deter-
mined analytically to restart the Runge Kutta calculations.

Is set equal to zero in SURFCE at
When a ray enters a current IDBDT
SURFCE. As a result, the initial
is determined analytically. This
Runge Kutta calculations of B and

When IFLG is zero a check is made

the beginning of a ray.
is set equal to one in
value of df/dt for currents

value is used in the
dg/dc.

in HEIGHT to determine

if there should be a breakup of the time step interval in
order to maintain the desired accuracy in the calculations
of either B or the ray path. If there is a division of
the time step interval, IFLG is set equal to one once the
time step interval is sufficiently reduced. When IFLG




5 2T equals one further checks for a breakup of the time step
\ interval are not made at new ray points until the breakup

B}

ends and calculations are resumed with the initial zime stap.

THGT If THGT is set equal to zero the wavelet direction is de-
termined in SURFCE. 1If IHGT is set equal to one the values
of p and g are determined in SURFCE.

INUM An index to count the ray points within the broken interval
when there is a division of the initial time step interval.

IONCE Is set equal to one in SURFCE at the beginning of a ray.
IONCE is set equal to zero after the initial value of dB/dt
for currents is determined analytically in SURFCE. 4s a
result, this calculation in not repeated for the rav.

IWAVIT The flag IWAVIT is used when both water depth and current
grids exist. 1Its purpose is to require accuracyv in the cal-
culation of the wavelet direction when iterating to a new
ray point. At the beginning of the iteration process
IWAVIT is set equal to zero. When successive wavelet estimates
differ by less than a predetermined amount, IWAVIT is set
equal to one. Iterations stop when both IWAVIT equals one
and the ray curvature calculations have converged.

KCIN The number of tick marks along a ray which do not coincide
with ray points.

KF The friction coefficient.

K Expressions used in the Runge-Kutta calculations of 8 and
dB/dt where i = 1, 2, ..., 9.

KMAX The same as MAX except in DRAW where it is the sum of MAX
and KCIN. .

KR The refraction coefficient.

KREST The number of tick marks along a ray.

KS The shoaling coefficient.

k The wave number 27/A.

LI The number of lines of printout between page and column
headings.

Li Expressions used in the Runge-Kutta calculations of 3 and

= dB/dt where 1 = 1, 2, ..., 9.

£ The perpendiculae distance between rays.
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MAXQ

SINEI

MMAX

NBRKUP

NDP

NFLAGR

NFLECT

NFRACT

NGO

NOLINE

".‘,!1‘-..‘—5‘.‘.'1'-'u'-'-""""'" ™ "~ e
4 g - T - S K

An index to number points along a rav at time intervals
equal to the initial time step.

If MIT is 1 the wave packet curvature approximaticns in MOVE -
converge to one value. If MIT is 2 the curvature approui-
mations converge to two values. I the curvature aporoxi-
mations do not converge and there is no reflection MIT is 3.
If MIT is 4 a caustic or focal point is computed in HZIGHT.
MIT is 5 if it is determined in HEIGHET that the wave brazaxs.
when there is a reflection but the rav is not continued

MIT is 6. If MIT is 7 more than one reflecton from the
same point is determined in MOVE. 1If MIT is 8 the breakup
time step determined in HEIGHT is less than 0.5 seconds.

The dimension of the AX and AY arrays.
The ray number.

Is zero except during a breakup of the time step interval
when the value is one. After returning to MOVE from HEIGHT,
the value of NBRKUP determines where the program resumes.

The water depth is determined in SURFCE. 1If the value is
greater than O, NDP is 1 (initialized in RAYN). If the water

depth equals or is less than 0, XDP is 2.

The value of NFK is determined in SURFCE. 1If the ratio of -
the water depth to the deep water wavelength is greater than %
0.64, NFK is 1. Otherwise, NFK is 2.

Is set equal to zero in WAVPAK at the beginning of a ray.
The value is changed to one in MOVE if there is a reflection
and the ray is continued. If NFLAGR is one, in HEIGHT the
value of NROPT is set equal to zero.

In WAVPAK, NFLECT is set equal to zero at the beginning of
a ray. In HEIGHT, NFLECT is set equal to one for those ray
points where the conditions for being close to a reflection
point are met.

In WAVPAK, NFRACT is set equal to zero at the beginning of

a ray. In HEIGHT, NFRACT is set equal to one for those

ray points where there is a breakup of the time step interval
due to insufficient accuracy in the Runge-Kutta calculations
of 3 and d8/dt.

The value of NGO is determined in MOVE. 1If a ray point
lies within one and one half grid units of a grid boundary
NGO is 2. Otherwise, NGO is 1. (Initjalized in RAYN.)

An index used to determine when to write page and column
headings depending upon the number of lines of printout.
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NOREF An index to count the number of reflections at a rav point.
NPLOT The plot number.
NREF The value of NREF is determined in MOVE and it denotes the kind
of reflection. When there is reflection due to Snell's law
with phase velccity NREF is 1. When reflection occurs bezcause

the packet curvature iteration is not converging NREF is 2.
If there is reflection because the ray point is too near
a reflection point NREF is 3.

NRFLBU In WAVPAK, NRFLBU is set equal to zero at the beginning of
a ray. In HEIGHT, NRFLBU is set equal to one for those ray
points where the conditions for being close to a reflection
point are met. This causes the statement "REFLECT" to appear
in the output.

NRFRBU In WAVPAK, NRFRBU is set equal to zero at the beginning of
a rav. In HEIGHT, NRFRBU is set =2qual to cne for these rav

points where there is a breakup of the time step interval
due to insufficient accuracy in the Runce~RKutta calculazions
of & and d:/dt. This causes the scacement '"BETA" to appear

in the output.

NROPT The initial value of NROPT is determined in the input data.
If NROPT is zero a ray is not continued beyond a reflection
point. If NROPT is not zero a ray is continued bevond a re-
flection point. After a reflection NROPT is set equal to
zero so that a ray is not continued bevond a second reflection
point if one should exist.

NTOREF If there is total reflection due to the wavelets NTOREF is
set equal to one. Otherwise, NTOREF is set equal to zero.
The reflection test is made in SURFCE.

NUMT The number of divisions when there is a breakup of the initial
time step interval.

n An index to aumber ray points.

OMEGA The program svmbol for w.

OMEG_ __ (X,Y,XX,XY,YY) The program symbols for derivatives of w in the
x''y"-coordinate system (currents).

PATI A program symbol for p. The value of p at the point prior
to the new ray point.

PHI The program symbol for ¢.

POT A program symbol for p. The value of p at the new ray point.

NI ey .'.-b";‘"- “"* C = .
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2
3 POTC The program svmbol for p at the new rav point considering o
only variations due to currents. -
POTD The program symbol for p at the new rawv point considering
only variations due to water depths.
PREV The value of v at the previous ray ooint.
PREVT The value of vy at the previous ray point.
P(1) Program svmbols for p. The values of p at points inter=-
mediate to the new and previous ray points where i = 1,
28 oobp Do
P A coeffiecient of the ray separation equation.
QATI A program svmbol for q. The value of g at the point prior
to the new rav point.
QOT A program svmbol .or q. The value of g at the new rayv point.
QOTC The program svmbol for q at the new rav point consideringz
only variations due to currents.
QOTD The program symbol for q at the new ray point considering L Yt

only variations due to water depths.

Q(1i) Program symbols for q. The values of q at points inter-
mediate to the new and previous ray points where i = 1,
2ol ooogp S

q A coefficient of the ray separation equation.

RT The length of the x-axis in inches or centimeters for a given
plot.

S A two dimensional array of numbers used in computing the

arrays E, EX, and EY.

SCL The scale of the plot.

S The arc length of a wave packet trajectory.
The arc length of a ray.

s The arc length of a monochromatic ray.

T The wave period relative to the current.

TIMEQ The travel time along a ray.
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WAVNO

WAVNO_

The program svmbol for the input wave period.

The program symbol for the Doppler shifted wave period.
Time.

The conventicnal group s=peed d./dk.

The program symbol for u

(X,Y,XX,XY,YY) The program svmbols for derivatives of u,
in the x'"y'"~-coordinate system (currents).

(X,Y,XX,XY,YY) The program symbols for derivatives of u

in the x'v"-coordinate svstem (currents). -
The speed of the current.

The component of the current in the direction of -, i.e.,
perpendicular to the wavelet front.

The component of the current in the direction of -, i.e.,

perpendicular to the group Iront.
The program symbol for v.

The program symbol for Vo
The phase speed of a monochromatic wave.

The speed of the advected wavelet front in a current.
The program symbol for k.

[ Pee 2}

(X,Y) The program symbols for derivatives of k in the x"y'-
coordinate system (currents).

The program symbol for the deep water value of 1.

The program symbol for x.

The program symbol for x at the rew ray point.

A Cartesian coordinate of the water depth grid.

A Cartesian coordinate in a system chosen such that h/%y'= 0,
A Cartesian coordinate in a system chosen such that 3u/3y"= 0.

The program symbol for y.

Use,
.
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H! YVW A one dimensional array used in computing the arravs E, "
4 EX, and EY. .
. Y The program symbol for y at the new rav point.
v A Cartesian coordinate of the water depth grid.
%' A Cartesian coordinate in a system chosen such that ch/>y' = 0.
y" A Cartesian coordinate in a system chosen such that du/5y" = 0.
Z The program symbol for u.
ZD The program symbol for <.
ZD_ _ (X,Y,XX,XY,YY) The program symbols for derivatives of £ in
the xy-coordinate system.
2 (X,Y,XX,XY,YY) The program svmbols for derivatives of u in
in the xy-coordinate system.
ZX The program svmbol for the x-component of the current in the
zy=coordinate svstem.
ZX_ _ (X,Y,XX,XY,YY) The program symbols for derivatives of ZX Vs
in the xy-coordinate system.
Y The program symbol for the y-component of the current in the
xy-coordinate system.
o (X,Y,XX,XY,YY) The program symbols for derivatives of 2Y
in the xy-coordinate system.
7 The angle the x'-axis is rotated with respect to the
x-axis such that 5h/3y' = 0.
% The angle the x''-axis is rotated with respect to the
x-axis such that 5u/3y" = 0.
= The ray separation factor.
Y The wavelet direction defined with respect to the positive
x~-axis. ’
At The time step interval between ray points.
& The current direction with respect to the positive x-axis.
SB The difference between the fourth and fifth order Runge-
Kutta solutions of B. .
J .l- 3. " L i i
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The difference between the fourth and fifth order Runge-

";‘ - Kutta solutions of d3/dt.
3 The wave packet direction defined with respect tc the
positive x-axis.
5 The rav curvature of the wave packe:t.
<V The ray curvature of a monochromatic wave.
A The wavelength.
i 3.1415927
3 The ray direction defined with resvect to the positive
x-axis.
T The tangential stress per unit area at the bottom.
= The angle (z-9).
[ The radian frequencv (27f) of the wave relacive to the current.
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22. ABSTRACT (Continue on reverse side | necnesery and (denttly by dlocx number)

Thé theory and numerical methods are presented for determining the paths
and wave heights of gravity water wave packets. Both variable water depths
and currents are considered. The wave height is computed accounting for the
| effects of shoaling, refraction, and energy dissipation. A ray curvature
sxpression is used to determine the wave packet trajectories where the speed

shanestar i afuvan hv.G = (du/dk) cos 3. The svmbol . denotes the aneular
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DPHIDX

DUD

The incremental distance in grid units between ray points.

The program symbol for the derivative of $ in the x'y'-
coordinate system (water depths).

The ratio of the phase speed at the present ray point to
the value at the previous ray point.




The program symbol for the packet ray curvature considering
only variations due to currents.

The program symbol for the packet ray curvature considering
only variations due to water depths.

The average of the packet ray curvature at the present and
new ray points.

in radians/grid unit at the new ray point.

The value of K

G




) ult, Che 1nlitlial value OL Qp/dl LUL Culleuws
is determined analytically. This value is used in the
Runge Kutta calculations of R and dE/dt.

When IFLG is zero a check is made in HEIGHT to determine
if there should be a breakup of the time step interval in
order to maintain the desired accuracy in the calculations
of either 8 or the ray path. If there is a division of
the time step interval, IFLG is set equal to one once the
time step interval is sufficiently reduced. When IFLG




The wave number ZT/A,

The number of lines of printout between page and columm
headings.

Expressions used in the Runge-Kutta calculations of 8 and
d8/dt where i = 1, 2, ..., 9.

The perpendiculae distance between rays.




NOLINE

The value of NGO is determined in MOVE. If a ray point
lies within one and one half grid units of a grid boundary
NGO is 2. Otherwise, NGO is 1. (Initjalized in RAYN.)

An index used to determine when to write page and column
headings depending upon the number of lines of printout.
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A program symbol for p. The value of p at the point prior
to the new ray point.

The program symbol for ¢.

A program symbol for p. The value of p at the new ray point.




